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INTRODUCTION

1.0 General - This Detailed Mass Properties Report is submitted by the
McDonnell Douglas/Martin Marietta Space Shuttle Team in compliance with the
requirements of Data Requirements Description No. SEQO5M under contract number
NAS 8-26016. The reporting period covered 1s from 17 June 1970 to 15 June 1971,
This submittal contains the following elements:

Element Author

Report E0377- Detailed Mass Properties Report

Part 1 - Summary (this volume) J. Windham (MDAC)
Part 2 - Orbiter Details R. Fessenden (MDAC)
Part 3 - Booster Details R. Dobson(MDAC)/C. Kline(Martin)

Report E0403- Summary Mass Properties Report J. Windham (MDAC)
(Final Baseline Design)
In addition to the above authors, major contributions were made to Report E0377 -
Part I by R. Ridenour, to Part II by W, Fogarty, J. Garrison, B. Grob and W. Gustin,
to Part III by W. Georlitz, L. Otter and P, Scott (All of MDAC) and W. Ahl and
G. Graves of Martin. The report format was monitored and coordinated by R. Mason
and E. Phelps of NASA-MSC and J. Daniels and R. Scott of NASA-MSFC.

Report E0377-Part 1 contains summary data for the Orbiter, Booster and
combined vehicles which is comparable in depth to that presented in the regular
monthly mass properties status reports. In addition, appendicies are included
which contain detail weight summaries, comparisons of Phase B Shuttle weights to
historical data and Design Mass Properties. Report EQ0377-Parts II and III contain
detail weight substantiation data for the Orbiter and Booster respectively.

Throughout Report E0377 data is presented for the Design Mission (65K payload,

Easterly launch from ETR) except where specifically noted otherwise. Supglemental
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data for the Resupply (25K payload plus Orbiter Airbreathing Engines, 55 degree
inclination from ETR) and Polar (40K payload from ETR) missions is presented in
Appendix B of Part I.

In developing the substantiating data for the Detailed Mass Properties report
a number of desirable changes were not incorporated because of inadequate time.
These are listed in this report as pending changes.

Report EO0403 is a summary report, comparable in depth to a normal monthly
status report, which picks up these pending changes and presents our final design
baseline. Thisg '"final design baseline" has the same size Orbiter and Booster as
the "analysis vehicle" which has been used as the basis for the Detailed Mass
Properties report and differs only as indicated in the pending change list.

1.1 Analysis Vehicle Results - Orbiter and Booster weights are summarized in

Table 1-1 and the percentage of each subsystem weight that is estimated or calculated
is indicated. For the purpose of this Phase B report the normal definitions of
estimated and calculated have been modified as follows:

based on Phase B drawings and design analyses and

1l

Calculated Weight

vendor quotes (normally 'calculated weights" are based
on released drawings)

based on empirical correlations or other comparisons to

Estimated Weight
past hardware designs
In a number of instances, items that we have classified as estimated could probably
equally well have been called calculated. Propulsion system valyes, for example,
were actually sized based on an analysis of the propulsion system but valve weights
were obtained by comparisons to actual valve weights for past designs of similar
size and pressure. The same is true of the bellows assemblies where a detailed

dynamic stress analysis was not within the scope of the Phase B design effort. .

¢
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H TABLE 1-1 - WEIGHT SUMMARY (LAUNCH CONDITION) (EASTERLY MISSION)
L CONFIGURATION | CANARD BOOSTER DELTA ORBITER | BY | [DATE |
ITEM OR MODULE
CODE SYSTEM BOOSTER €sT | CAL | ACT | ORBITER EST | CAL | ACT
1 WING GROUP 57954 9% 91% 31587 17% 83%
2 TAIL GROUP 19214 127 | 88% 5104 117 | 892
3 BODY GROUP 148599 8% 927 55500 18% 82%
- 4 INDUCED ENVIR PROTECTION 84807 5% 95% 32847 9% 917
5 LANDING, RECOVERY, DOCKING| 25885 427 58% 10551 100% 0%
6 PROPULSION~ASCENT 123320 167 84% 26637 20% 80%
_ 7 PROPULSION~CRUISE 37053 6% 947 574 54% 467
i 8 PROPUL SION~AUXILIARY 5396 87 92% 11877 332 | 67%
9 PRIME POWER 3582 11% 89% 2272 100% 0%
- 10 ELECT CONVER & DISTR 1818 127 | 88% 1303 100% 0%
1 11 HYDRA CONVER & DISTR 7282 77% | 23% 2760 70%Z | 30%
12 SURFACE CONTROLS 11320 19% | 81% 4901 97% 3z
13 AVIONICS 4941 45% 35% 4588 45% | 55%
i 14 ENVIRONMENTAL CONTROL 2058 52% | 48% 7849 32% 68%
15 PERSONNEL PROVISIONS 288 1 00% 0% 430 63%Z 37%
- 16 RANGE SAFETY & ABORT 0 0
17 BALLAST 0 0
18 GROWTH/UNCERTAINTY 42009 00% 0% 25363 100% 0Z
= 19
- SUBTOTAL (DRY WEIGHT) (575526) [ (19Z)(81%) (224143) (242)] (76%
: 20 PERSONNEL 522 0% 1100% 626 63% 37%
21 | CARGQ 65000
22 | ORDNANCE 0
23 RESIDUAL FLUIDS 14707 07 [1007 4001 0% 1100%
24
SUBTOTAL (INER7T WEIGHT) |(590755) (19% |(81%) (293770} (18%)1(82%)
- 25 RESERVE FLUIDS 34245 0% [100% 13118 0% 1100%Z
26 IN FLIGHT LOSSES 22847 0% Q0% 9788 0Z 11Q0Z
27 PROPELLANT-ASCENT 3038600 0Z [100% 526257 0% 1100%
= 28 PROPELLANT-CRUISE 97000 0% [100% _0 Q% 11007
B 29 PROPELLANT-MANEUV.'ACS 1212 07 [00% 17510 0% [100%
: 30
- TOTAL (GROSS-WEIGHT) LB 3784659) |(3%) |(97%) (860441) (6%) | (94%)
= DESIGNATIONS: NOTES & SKETCHES:
; (1) Gross Liftoff Wt = 4645102 1b,
- CLASS OF WEIGHT (2) Weights shown are for the "Analysis
=, EST — PERCENT ESTIMATED WEIGHT Vehicle", Orbiter weights differ
: ’ CAL - PERCENT CALCULATED WE‘GHT from those presented in Report
3 ACT - PERCENT ACTUAL WEIGHT E0403 for the "Final Design Base-
1ine" by the pending changes shown
= in Table 2-2.
E H
\_/
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Our primary approach throughout the weight substantiation sections has been
to place the emphasis on in-depth point design analyses. In Appendix C, the
results of these detailed analyses are compared to weights from past hardware
designs to show that our current design is realistic,

Table 1-2 is a summary of Orbiter pending changes for the analysis vehicle.
There are no pending changes for the Booster and the "analysis" Booster is
therefore identical to that shown in Report E0403 for the "final design baseline".

In order to provide a basis for the Phase B detailed design analyses, the
Orbiter and Booster sizes were frozen at the time of the 8th month data dump which
is reported in the 15 March 1971 Detailed Mass Properties Report. With this
frozen vehicle size our reporting approach has been to hold the required payload
for each mission and to vary the Orbiter and Booster growth/uncertainty allowances
as necessary to meet performance requirements. Any change in vehicle weight,
propellant loading or performance as the design matured has been reflected as a
change in the allowable growth/uncertainty., The target value for this allowance is
10 percent of the vehicle dry weight less growth/uncertainty, ascent engine weight
and cruise system engine weight. The final values of growth/uncertainty are
derived in Table 1-3, These values exceed the 10 percent target for all missions.

1.2 Summary of Design Characteristics and Requirements - Xey design

characteristics are summarized in Table 1-4.

1-4
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weight are summarized in Table 1-5.
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} ~— TABLE 1-4 SHUTTLE DESIGN CHARACTERISTICS
(Analysis Vehicle)
Orbiter Booster
Geometric Data
Length (Base to Nose) - Ft 160.3 242.5
Wing Span - Ft ' 107.5 146,
Wing Area (Theoretical) - Sq Ft 5543, 6015,6
Wing Area’ (Exposed) - Sq Ft 3557. 4068.
Vehicle Planform Area - Sq Ft 7675 13015,
Body Wetted Area - Sq Ft 14022 26121
Vehicle Wetted Area - Sq Ft 22819 40507
Body Outer Moldline Volume - Cu Ft 76095 211783
Vehicle Outer Moldline Volume = Cu.Ft 91310 231575
Ascent Propellant Tank Volume ~ Cu Ft 25398 146470.
Reference Drawing Number 255BJ00050 256-20-001
Rev, F Rev. A
Aerodynamic Data
Entry Angle of Attack - Deg 30 60
Hypersonic L/D Max. (Trimmed) 1.48 @ 30° 0.53
Angle of Attack (Subsonic L/D Max) - Deg 8.2 9.5
Subsonic L/D Max (Trimmed) 6.7 7.92
Cruise L/D (Average) N/A ~7
Propulsion
Ascent Engine Thrust - Lb
Sea Level DNA 550000
Vacuum 632000 604000
. Ascent Engine Vacuum Specific Impulse - Sec | 459% 439%
Ascent Engine Expansion Ratio 85/150:1 35:1
Number of Ascent Engines 2 12
Number of Cruise Engines 4 k% 10
* Minimum I P (456,436) used for tank sizing.
*% Not used §or Easterly and Polar Missions.
*%% OMS tank fillup and parallel burn of 2 RL-10's used for Polar mission.
NASA has expressed space shuttle requirements in the following documents:
Space Shuttle Program Requirements Document, Level I, 1 Jul 70, Hq NASA
Space Shuttle System Level II Requirements, 15 Jun 70, MSFC/MSC
Space Shuttle Orbiter Requirements Document, Level II, 15 Jul 70, MSC
Detailed final requirements are contained in the Space Shuttle Requirements
N Document (complied by MDAC). Some of the key requirements that effect vehicle
AN
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TABLE 1-5 REQUIREMENTS SUMMARY

REUSABLE TWO STAGE.

CARGO BAY SIZED TO HAVE CLEAR VOLUME OF 15' DIA. BY 60" LONG.
I0C BASELINE IS MID 1979.

NO FIXED GLOW,.

THE DESIGN MISSION SHALL BE A 100 NM DUE EAST CIRCULAR ORBIT. THE DESIGN MISSION INSERTION
ORBIT SHALL BE 50 x 100 NM AND FOR PURPOSES OF PERFORMANCE COMPARISON CALCULATIONS THE
VEHICLES SHALL BE CONSIDERED TO BE LAUNCHED FROM A LATITUDE OF 28.5 DEGREES NORTH. THE
REFERENCE MISSIONS OF MAJOR INTEREST ARE: (1) 100 NM SOUTH POLAR CIRCULAR ORBIT; (2) 270 NM
AT 55 INCLINATION.

ORBITER SHALL HAVE A NOMINAL HYPERSONIC AERODYNAMIC CROSSRANGE CAPABILITY TO RETURN TO THE
LAUNCH SITE.

VEHICLE PAYLOAD IS BASELINED TC BE 65,000 POUNDS INTO THE DUE EAST 100 NM CIRCULAR ORBIT
WITH THE AIRBREATHING ENGINES REMOVED FROM THE ORBITER. THE WEIGHT OF PASSENGERS AND

| REMOVABLE PROVISIONS FOR PASSENGERS SHALL BE CHARGED TO THE PAYLOAD. THE ORBITER SHALL HAVE
' THE CAPABILITY OF LANDING 40,000 POUNDS OF PAYLOAD WITH NOMINAL WIND AND LOAD FACTORS
(AIRBREATHING ENGINES REMOVED) AND LARGER PAYLOADS WITH REDUCED STRUCTURAL SAFETY FACTORS.
MISSION DURATION 7 DAYS SELF SUSTAINING.

OPERABLE WITH CARGO RANGE FROM ZERO TO MAXIMUM.

1,500 FPS ON-ORBIT AV CAPABILITY FOR THE 270 NM AT 55 DEGREES INCLINATION REFERENCE MISSION,
THE TANKS SHALL BE SIZED TO PROVIDE 2000 FPS DELTA V CAPABILITY.

BOOSTER AND ORBITER BASELINED TO HAVE GO-AROUND CAPABILITY.

- SHIRTSLEEVE ENVIRONMENT COMPATIBLE WITH SPACE STATION/BASE.

BOOSTER CAPABLE OF FLYBACK TO LAUNCH SITE.
BOOSTER AND ORBITER CAPABLE OF FERRY FLIGHTS.
MATED VERTICAL TAKEOFF - INDIVIDUAL HORIZONTAL LANDING,

A COMMUNICATION SATELLITE SYSTEM ASSUMED AVAILABLE (MDAC SYSTEM CAN OPERATE WITHOUT IT
INITIALLY).

LAUNCH RATES WILL VARY FROM 25 TO 75/YEAR. (445 in 10 YRS)

ALL AZIMUTH LAUNCH.

SAFE MISSION TERMINATION CAPABILITY. RAPID CREW AND PASSENGER EGRESS PRIOR TO LIFT-OFF AND
INTACT ABORT AFTER LIFT-OFF. THE ORBITER SHALL BE CAPABLE OF A ONCE AROUND TRAJECTORY WITH
A ONE ENGINE OUT CONDITION AT AND/OR AFTER BOOSTER ORBITER SEPARATION FOR THE DESIGN AND
REFERENCE MISSION.

550K LB SEA LEVEL THRUST MAIN ENGINES.

10 YEAR LIFE AFTER IOC.

i
N

JP WILL BE BASELINED AS FUEL FOR ALL AIRBREATHING ENGINES. THE AIRBREATHING ENGINES SHALL BE . -
CAPABLE OF BEING REMOVED FROM THE ORBITER WITH MINIMUM SCAR WEIGHT. THE ORBITER SHALL BE ~
CAPABLE OF FLIGHT WITH OR WITHOUT THE AIRBREATHING ENGINES INSTALLED.

1-8
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TABLE 1-5 REQUIREMENTS SUMMARY (CONT.)

ALL SUBSYSTEMS (EXCEPT STRUCTURE AND PRESSURE VESSELS) FAIL OPS/FAIL SAFE, ELECTRONICS
FAIL OPS/FAIL OPS/FAIL SAFE. MAIN ENGINE - FAIL SAFE. MAIN ENGINE ELECTRONICS - FAIL
OPS/FAIL SAFE.

TWO WEEK MAXIMUM GROUND TURN AROUND.

LAUNCH TRAJECTORY LOAD FACTORS SHALL NOT EXCEED 3G'S AND ENTRY TRAJECTORIES SHALL NOT EXCEED
3G'S FOR THE ORBITER,

TWO MAN FLIGHT CREW EACH VEHICLE.

NO SUBSONIC IN-FLIGHT REFUELING.

SERIES BURNING OF BOOSTER AND ORBITER MAIN PROPULSION,

WITH SINGLE MAIN ENGINE OUT: IN BOOSTER-NOMINAL MISSION, IN ORBITER-SAFE ABORT,
DESIGN FOR COMMONALITY.

NO PROPELLANT CROSSFEED.

JETTISON OR DEPLETE CRYOGENIC PROPELLANTS PRIOR TO LANDING.

10,000 FT RUNWAYS,

INTERNAL, SEALABLE TUNNEL FROM PAYLOAD COMPARTMENT TO CARGO BAY,

MINIMUM SINGLE ENGINE I FOR SIZING, NOMINAL I FOR PERFORMANCE.

SP SP
1 PERCENT OF TOTAL &V CARRIED IN ORBITER FOR FLIGHT PERFORMANCE RESERVE.
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1.3 Minimum Igp Sizing - The weights shown in Table 1-1 and throughout this

report reflect vehicle and main propellant tanks volumes that are "oversized"

i.e., will hold more propellant than the nominal loadings shown. Main propellant
tanks are sized for the Polar Mission with minimum vacuum ISP's of 456 for the
Orbiter and 436 for the Booster. Nominal propellant loads were then obtained by
changing to the nominal vacuum ISP'S of 459 and 439 for the Orbiter and Booster and
off-loading propellant until the same performance (Payload and Growth/Uncertainty
"Allowance) was obtained as for the minimum ISP case, These nominal propellant
loadings which were derived for the Polar mission were then used for Easterly and
Resupply missions. The performance values quoted for the Easterly and Resupply
missions are based on these nominal loadings.

Propellant loads and burnout weights for minimum and nominal ISP cases for
each mission are summarized in Table 1-6. 1In comparing propellant loads from
Table 1-1 for the Easterly mission to Polar and Resupply mission data in Appendix
B it does not appear that the same Orbiter nominal propellant load has been used
for all missions. This is because of differences in reserve propellant due to the
differences in total AV between missions and to the 22368 1b of OMS fill-up
propellant for the Polar mission which is grouped with the ascent propellant in the
weight summary. If the OMS fill-up increment is removed on the Polar mission, and
if flight performance reserves and ascent propellant are combined, then the same
total orbiter ascent propellant load is obtained for each mission.

The ascent tank sizes include volume for a 3 percent ullage space and

1 percent loading tolerance in addition to that required for the maximum

propellant loads shown in Table 1-6.
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PROPELLANT LOADINGS

ITEM MINIMUOM NOMINAL WEIGHT
ISP ISP OFFLOADED
Polar Mission
Orbiter
Nominal Ascent Tank Prop.-Lb 534819 526559 8260
OMS Tank Fill-up Increment - Lb 22368 22368 0
Flight Performance Reserve - Lb 6225 6184 41
) Total Usable Ascent Propellant - Lb ( 563412) ( 555111) ( 8301)
%‘ Booster
: Total Usable Ascent Propellant - Lb (3085081) (3038600) (46481)
é Resupply Mission
1
Orbiter
Nominal Ascent Tank Prop. - Lb 534700 526434 8266
Flight Performance Reserve - Lb 6344 6309 35
Total Usable Ascent Propellant - Lb ( 541044) ( 532743) ( 8301)
Booster
_ Total Usable Ascent Propellant - Lb (3085081) (3038600) (46481)
. Easterly Mission
; Orbiter
Nominal Ascent Tank Propellant - Lb 534519 526257 8262
- Flight Performance Reserve - Lb 6525 6486 39
z Total Usable Ascent Propellant - Lb ( 541044) ( 532743) ( 8301)
% Booster
) Total Usable Ascent Propellant - Lb (3085081) (3038600) (46481)
= Notes:
| (1) Flight Performance Reserve equal to 1% of total ascent AV.
= (2) Min, = 456 sec for Orbiter, 436 sec for Booster
z (3) Nom. = 459 sec for Orbiter, 439 sec for Booster.
: (4) 1962 lg of startup propellant is not included in Orbiter usable propellant.
g (5) Propellant weights do not include 1% loading allowance.

TABLE 1-6 COMPARISON OF NOMINAL AND MINIMUM ISP

-1
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2.0 WEIGHT CHANGE SUMMARY (PROPOSAL TO PRESENT) - Defining the weight change

history during Phase B 1s complicated by:

(a) A virtually new configuration was adopted following the proposal and
first reported in MP-1. This change resulted in a decrease in payload
from 36,200 pounds to 13,450 pounds. The Booster was changed from a
twin body to a single body canard. The Orbiter was resized, ascent AV
was increased and the TPS was changed from active to passive.

(b) Additional missions are now considered and are the critical conditions
in sizing. Also, the definition of Growth and Payload has been revised
several times.

The primary Orbiter and Booster weight changes from MP-1 through MP-10 are

summarized below for the 25K, 55° mission.

The primary Orbiter weight changes, exclusive of Payload, Growth/Uncertainty

and Usable Ascent Propellants are:

o 17,000 pounds increase in Reserve, Residual and Service fluids

o 9,500 pound increase in changing Ascent Engine from 400K to 550K

o 6,000 pound increase in Auxiliary Propulsion System

o 3,500 pound increase in compartment insulation and purge liner

o 5,500 pound increase from miscellaneous changes including: add Speed

Brakes, Increase Payload Provisions, External to Internal ABES and

better ascent propulsion system definitions.

o

Negligible weight changes in structural system.

The primary Booster weight changes, exclusive of Growth/Uncertainty and Usable
Ascent Propellants are:

o 105,000 pound increase in cruise propellants, primarily a change from L.H.

to JP-4 and 20,400 pound reduction for G.E. vs P&W engines.
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o 48,400 pound increase in changing from 12 400K to 12 550K ascent engines

o 44,600 pound increase in TPS due primarily to increasing the protected area
from about 557 to 100% of wetted area and to reanalyzed unit weights

o 22,500 pound increase in resizing tanks to increased propellant requirements

o 12,600 pound increase for 10 G.E, cruise engines vs 8 P&W engines

o 10,400 pound increase for increased reentry/landing weights and revised
wing loads,

o 10,600 pound decrease in Reserve, Residual, and Service fluids, primarily

due to revised shut-down criteria

o 17,300 pound increase in revised analysis of subsystems. Major items are

Body +16,000 1b., reduced tail area -9,700 lbs., Hydraulic/Surface Controls

+ 6,200 1lbs., add Purge system 3,600 1lbs., and miscellaneous of 1,200,

Phase B weight changes are summarized in Table 2.0-1. The weight history of
the two primary status indicators, i.e., payload and the growth/uncertainty allow-
iéhce is discussed in Section 2.1 below. These parameters have been normalized some-
what in order to provide a better picture and at any report time the characteristics
are shown for the critical mission at that time. In Section 2.2 a more conventional
presentation of weight changes during the program is presented. In Section 2.3, 3

updates of the various weight history charts that have been presented in the monthly

reports are shown.

2.1 Weight History of Key Status Indicators (Payload and Growth/Uncertainty

Allowance) - Prior to the 3 December status report (MP-5) the growth/uncertainty
allowance was held at 10 percent of dry weight and design changes were reflected

by changes in payload as shown in the left portion of Figure 2.1-1. The growth/ .
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Table 2.0-1
PHASE B SHUTTLE WEIGHT SUMMARY
ORBITER WEIGHT CHANGE SUMMARY
w1 | w0 | s | o
Gross Welght (685000) (835402) (150402) 22%
Ascent Propellant 4189L8 5182k2 9929k 2u
G.W. less Asc. Prop. (266052) (317160) ( 51108) 19%
Cruise/Maneuver/ACS 35306 29971 -5335 -15%
Paylosad 13450 25000
Growth 18516 21608} He 1
Personnel 400 626 226
Sub-Total (198380) | (239955) | ( %1575) 21%
Reserve/Residual/Losses 13221 30269 17048 128%
Dry Wt. Less Growth (185159) (209686) ( 24527) 13%
BOOSTER WEIGHT CHANGE SUMMARY
w1 | a0 | w8 | cosnee
Gross Weight 2840111 3752100 (911989) 32%
Ascent Propellant 2361387 3034900 673513 28%
G.W. Less Ascent Prop. 478724 717200 (238u476) 50%
Cruise 27395 132000 104605 3844
Residual/Reserve/Losses 51271 43385 -7885 -16%
Growth 36405 24248 -12157 -33%
Dry Weight Less Growth 363653 517567 (153914) hop
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Figure 2,1-1 Payload and Growth/Uncertainty Weight History
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uncertainty shown does not plot as a constant 10 percent because it has been
adjusted to the current approach of expressing growth/uncertainty as a percent

of dry weight less ascent engines,cruise engines and growth/u;certainty. In

the 3 December and subsequent status reports payload has been held constant and
design changes are reflected by changes in the growth/uncertainty. The change

in payload shown between 3 February and 3 March is due to the requirements change
requiring consideration of 40K polar and 63K easterly missions in addition to

the 25K, 55 degree inclination resupply mission with airbreathing engines.

Of these three missions, the 40K polar has been the most severe and is shown for

the last four points in Figure 2.1-1., The weight history forms in our last four
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3# - status reports, however, have reflected the 65K easterly mission because in the

' mission.

- revised requirements this mission is established as the ''design'
Some key changes associated with the various status report points indicated
o in Figure 2.1-1 are summarized below,

3 August 1970 - Changed from twin body booster to single body canard

booster and resized delta orbiter. Large reduction in payload was due primarily
to 500 ft/sec increase in estimated AV required and change from active to passive
orbiter TPS,.

3 September 1970 - Orbiter resized to optimize staging velocity. Booster

resizing pending but not incorporated.

3 December 1970 - Orbiter and booster resized, changed from LH to JP cruise

fuel, changed from 3/4 to 1 percent flight performance reserve, changed from 12-
400K booster engines to 13-415K, and changed from 3.5 million pound fixed gross
launch weight to 25,000 pound fixed payload.

12 January 1971 - Resized orbiter and booster, changed from 13-415K to

12-520K booster engines.,

3 February 1971 - Changed to 12-350K booster engines (no change in vehicle

sizes). Added 2 RL-10 engines for on-orbit maneuvering.

3 March 1971 - Added 65K easterly and 40K polar missions (with no air-

breathing engines).

3 April 1971 - Offloaded propellant to satisfy minimum Isp tank sizing

requirements,

3 May 1971 - Changed from Pratt-Whitney to General Electric cruise engines,
Revised booster crulse back propellant to reflect change to General Electric
Engines.

Final Point Design - Changed from 10 second to 2.5 second coast time and

reduced ascent velocity due to base pressure effect.
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An expanded discussion of changes is included in the following section.
For a detailed explanation of all changes during the phase B program, see the
Mass Properties Change Analysis section of the individual monthly status reports.

2.2 Weight Change History (Design Mission) - Weight change histories for

the total vehicle, delta orbiter and canard booster are presented in Figures
2.2-1, -2 and -3, respectively. The discrete points shown are the monthly mass
properties (MP) status reports plus the detailed report presented as a portion
of the 8th month data dump. For each of these reported points, the values of

certain key parameters influencing weight are shown in Table 2.2-1.

Figure 2.2-1 Total Vehicle Weight Change History
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Figure 2.2-2 Orbiter Weight Change History
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Data is shown based on the design mission as stated by the current system

requirements at the time of each report. For reports MP-1 through MP-7 this is
the 55 degree resupply mission launéhed from ETR. For reports MP-8 through ‘the
final, the design mission is the eg%terly mission from ETR. The critical mission
from a performance standpoint, howe\ier, is the polar mission. In addition

! the auxiliary propellant tank size and airbreathing engine provisions are based

on the 55 degree resupply mission.
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Figure 2.2-3 Booster Weight Change History
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® Indicates Booster Gross Weight
O Indicates Booster Usable Propellant Load

At the time of the proposal, two boosters were presented, a delta wing
version and a twin body version. At the beginning of the Phase B activity, a
single body canard booster which combined many of the advantages of both the
delta and twin body designs, was selected. During Phase B this configuration
has evolved somewhat but has not been fundamentally changed. A single vertical
tail has been replaced by two outboard verticals, the wing aspect ratio has increased
progressively from 2.4 to 2.82 to 3.54, the vehicle has been resized from an
initial propellant load of 2,36 million pounds to the current loading of 3.03
million pounds and the TPS has changed from metallic shingles on the lower portions
and hot structure or the upper,to hardened compacted fibers over most of the

outer surface.
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From the beginning of Phase B thru January 1971 both a low crossrange (fixed
straight wing) and high crossrange (delta) orbiter were studied. Effort on the
low crossrange design was stopped at that time and results are described in
Reference 1 . The current delta orbiter is similar to that initially shown in
the proposal. The primary external differences are that it has been resized from
a propellant loading of .388 million pounds to .518 million pounds and a single
center vertical fin has been replaced with two outboard verticals.,

The growth/uncertainty values shown in Table 2,2-1 are all expressed as a
percentage of dry weight less growth/uncertainty, ascent and crulse engines,

This same approach was used in the last monthly status report (MP-10). In reports
MP-7 thru MP-9 growth/uncertainty was expressed as a percentage of dry weight less
ascent engines and growth uncertainty. In all the reports prior to MP-7 it was
expressed as a percentage of dry weight less growth uncertainty.

The gross launch weights shown in Table 2,2-1 are less booster propellant
expended prior to liftoff. Also prior to MP-3 orbiter startup propellant was
conservatively included in orbiter burnout weight. 1In MP-3 and subsequent reports

this propellant was more properly staged prior to the nominal orbiter burn but

as a result the sum of orbiter burnout and the nominal orbiter propellant load

shown in the table do not add to the gross orbiter weight.
The vehicle reference lengths shown are measured from vehicle nose tip

to the base of the fuselage. The total velocity shown is less flight performance

reserves (FPR). An FPR of 3/4 percent of total AV was used from the proposal

thru MP-3. In MP-4 and subsequent reports an FPR of 1 percent was used.

Reference 1 — MDAC Report No. E0354- Low Crossrange Shuttle System
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Table 2,2-1 Change History of Key Parameters Influencing Weight
Item Proposal MP-1 MP-2 MP-3 MP-5 MP-6 MP-7 MP~8 MP-8A MP-9 | MP-10 _ Final
Bdseline | 3 Aug 70 |3 Sept 70 2 Oct 70 3 Dec 70 12 Jan 71 |3 Feb 71 3 Mar 71 15 Mar 71 [ 3 Apr 71 |3 May 71 Wcunn Design
Design Mission Resupply | Resupply |Resupply Resupply Resupply |Resupply Resupply East East East East East
(or Polar) | (or Polar)

Configuration

Orbiter Delta Delta Delta Delta Delta Delta Delta Delta Delta Delta Delta Delta

Booster Twin Body | S.B.Canard|S,.B.Canard | S.B.Canard | S.B.Canard|S.B,Canard | S.B.Canard | S.B.Canard S.B.Canard| S.B.Canard{S.B.Canard S.B.Canard
Growth/Uncertainty-%

Orbiter 11.0 11.6 11.5 11.4 9.1 10,3 9.4 10. 9.7 10. 15.6 14.0

Booster 12.3 13.7 13.3 13.6 10.2 10.9 10.6 B.9 6.8 5.9 6. 10.0
Veights - Lb

Payload 36200 13450 17770 16315 25000 25000 25000 79700 79700 74000 65000 65000

Gross Launch 3500000 3525000 3575700 3587500 4091000 4600100 4619900 4638500 4638500 4601100 4606000 4645100

Orbiter Gross 650000 685000 739400 740400 756200 836100 838700 859400 859400 851000 849800 860400

Booster Gross 2850000 2840000 2836300 2847100 3334800 3764000 3781200 3779100 3779100 3750100 3756200 3784700

Orbiter Burnout 261500 266100 278200 273600 284700 310700 313300 334100 334100 330400 329200 332200

Booster Burnout 481600 478700 474900 484200 632000 700000 717200 715100 715100 715100 721300 746100

Orbiter Propellant 388500 418900 461200 466200 471000 524000 524000 523800 523800 518000 518100 526300

Booster Propellant 2368400 2361400 2361400 2362900 2702800 3064000 3064000 3064000 3064000 3034900 3034900 3038600
Vehicle Refer. Length-ft

Orbiter 157.5 157.5 159.7 159.7 158.3 160.3 160.3 160.3 160.3 160.3 160,3 160.3

Booster 162, 202.8 202.8 202.8 220.2 241.7 241.7 242.1 242.1 242.1 242.1 242.5
Velocity - ft/sec

Total Ascent(less fpr) 29600 30092 29898 30060 30400 30068 29848 29187 29187 29150 29154

Staging (Ideal) 16035 16078 15463 15389 16000 15500 15372 15260 15260 15221 15192

Orbiter Maneuver 1500 1500 1500 1500 1500 1500 1500 676 676 676 900 900
Specific Impulse(Vac)sec.

Orbiter 460 459 459 459 459 459.5 459 459 459 459 459 459

Booster 443.,5 445 445 445 439.4 439.3 439 439 439 439 439 439

Orbiter Maneuver 385 396 396 396 396 396 444 444 444 444 444 TYNA
Number of Ascent Engines 2/14 2/12 2/12 2/12 2/13 2/12 2/12 2/12 2/12 2/12 2/12 2/12
Thrust Per Engine - 1b

Orbiter (Vacuum) 460000 477000 477000 477000 477000 598000 632000 632000 632000 632000 632000 632000

Booster (Sea Level) 400000 400000 400000 400000 415000 520000 550000 550000 550000 550000 550000 550000
Booster Cruise Range -mm 410 474 474 400 431 428 428 457 457 457 457 450
Booster Cruise Fuel =-1b 38300 38300 38300 42600 140080 148000 149000 160000 160000 160000 146000 | 131000
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Prior to MP-6 main tank sizes were based on the nominal Isp's and resulting
propellant loads shown. From MP-6 thru MP-8A the tanks are oversized by the
ratio of nominal to minimum Isp, i.e. the tanks will actually hold more propellant
than that shown. In MP-9 and MP-10 the tanks were not resized but the nominal
propellant load was redefined by first calculating performance with full tanks
and minimum Isp's and then changing to nominal Isp's and calculating how much
propellant could be offloaded while maintaining the same performance, i.e. allow-
able growth/uncertainty. In all cases, minimum Isp's are 3 seconds less than the
nominal values shown and tanks volumes include a minimum ullage space of 3 percent.
The large change in cruise fuel between MP-3 and MP-5 is due to the change
from liquid hydrogen to JP-4, Subsequent increases were due to minor changes in
cruise range and vehicle cruise weight. The reduction shown for MP-10 is due to
the change from Pratt and Whitney to General Electric cruise engines which resulted
in an increase in engine weight but a reduction in cruise fuel.
A summary explanation of the major differences between the various MP reports
shown in Table 2.2-1 is presented in Tables 2.2-2 and -3, Changes from MP-10

are described in the following section.

2.3 Monthly Weight History Charts = An update of the weight history charts

from the monthly mass properties status reports is presented in Figures 2.3-1,

-2 and -3, Easterly mission mass properties change summaries which explain
differences between the last monthly status report (MP-10) and the data presented
in this report are presented in Table 2,3-1 and -2 for the orbiter and booster

respectively.
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FIGURE 2.3-1 VEIGHT HISTOMY
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
FIGURE 2,3-3 WEIGHT HISTORY (GROWTH UNCERTAINTY ALLOWANCE)
CONFIGURATION  [11TGI! CROSSRANGE [ ] [oate 15 June 1971
ORBITER

GROWTH UNCERTAINTY ALLOWANCE
(PERCENT OF DRY WEIGHT LESS ASCENT ENGINES)

k%

o ,‘u"d ;o 5 % > & o o ¥ o 3 ule . e ™Y 5 % -

e .a.:_:no-g‘): s = = & = nuc‘,:n.ﬁ.:_=n-—ug

2 2523385328838 82238332338828=s232333288=238
1970 * k% 1971 1972

* Target Value Changed from 10% of dry weight to 107 of Dry Weight
less ascent engines.

BOOSTER

REFERENCE MISSION CHANGED FROM 55°, 270 MM ORBIT, 2BK P.L. WITH ABES
TO 28.5°, 100 NM ORBIT, 65K P.L. W/O ABES FOR REFERENCE MISSION
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TABLE 2.3-1 MP-10 TO DETAILED REPORT (ANALYSIS VEHICLE)

MAGS PROPERTIES CHAMGE SHMMARV

COAMFIARIRATINMN: 65¥ FASTERLY MISSION

SR SYSTEW

W1 NG
TAILS

T IDY

THERMAL PROT
LAMNBING/NOCY
PPOP A SCENT
P2 0P -CPUISE
PP AP A 1XI L
PR INF POWER
CLEC DIET
MYDRA DIST
~URF CONTRAL
AVINNICS
ENVIP CONTRL
OPERENL PROVY
ABCRT
DALLAST
CPCWTH /INCER
noy WEIGHT
PERSOMNEL

LAMTED CARCGO

LAST REPA®T

04/23

WEIGHT ¥ C.f.
LB, IN,
30577, 1742,
5022 . 2052,
5qF€1, 1220,
294850, 1397,
o3, 1470,
27179, 1953,
1232, 1562,
10993, 12¢1.,
1272, 1077,
1144, 1972,
?I1k, 1220,
2313, 1200
4132, 1cxy,
7432, 1124,
372, 240,
0. 0.

0. 0.
27354, 1423,
220625, 1423,
525, 240,
40000. 1420,

CURRENT REPNAT

06/14

WEIGHT
LB,

315¢7,
5104,
55500,
32F47,
10551 .
26637,
574,
11277,
2212,
1303,
2760,
401,
4529,
78409,
430,
0.

0.
25363,
224143,
625,

40000,

2-25
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xe
L]

173¢,
2054,
1202,
1353,
143¢,
1963,
1542,
12atl .,

1015,

NATRe 0K/14/7]

CHANSE
WEIOMT
L3.
1010.
92
-4]161.,
317,
1359,
4?2,
-125¢,
nea,
Jo4,
130,
744,
2500,
45K,
41K,
52,
0.
0.
-2001,
3517,

0.

vy C
I

PART |
SUMMARY
NATE
NA L *
Q?'**
=27 1
26 2
4,22 3
-7.6¢ 4
-1,60 5
3 4
=21 7
-6 &
-1.36 Q
-.20 10
-.30 11
§.03 17
-.05 12
-.Fe 14
-.00 15
-.00
=.00
-.47 18
-4,00
02 17
-.00
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TABLE 2.3-1 (CONT)
MASS PRPNPERTIES CHANGE SlMMARY
COMFIGIRATION: §5¥ FASTRRLY MISSIOY NATEL0R/14/7)
SIMSYSTEY LAST REPORT CURRENT REPAST CUANRE MATE
04/23 0&/14 N
WEIAUT ¥y C,6. WEIGHT v C.%, WEIOGHT v C,G.*%
L3, I, LR. I, LP. 1Y,
RESID FLUINS 31870, 1425, 4001, 13¢5, 231, -.8€ e
INTRT WEIGHT 244971, 1471, 258770, 1469, Xo4a, -3.00
RESERVE FLDS 60232, 1725, 5651, 1712, 55¢, Jde e
LANDI NG W 271014, 1477, 275421, 1474, 4407, -3.00
CRU'ISE PROP 0. 0. 37. 17960, 27, 2,04 20
FLIGHT WT 271014, Lagg. 27545¢, 1475, AKLY, -4,00
©nTRV ACS 1000, 16r4, 1234, 1477, o4, =77 2l
TeTEV W 270014, 14g0, 277282, 1474, 5979, -4,00
PRTRD PRCP 5434, 1741, 5534, 1741, 102, 00 29
PRE BETPG NT 27744, 1495, 200009, | 4c], 5200, -4,00
0Y 0PE L0SS 1p509, 1846, 113540, 1600,  -115%9, -2.06 22
LANRER CAPGC  -40000, 1420. -40000, 1420, 0. ~.00
ASCEMT CAPAD §507°0. 1420, 55000, 1420, c. -.00
oM OPPIT wT 314874,  1as7, fclse,  l4sl,  A°1P.  =5,00
MANEUY PROP 1956, 1741, 1o03, 1741, 17, 02 24
DUN¥RED PROP 12240, e13, 10600, e13. -1640. 3.25 25
INJECTION WT 322172, 14583, 331751, 1451, 2500, -2.,00
ASCENT PROP 123515, ne7, 131240, an 7, 2344, -1.70 25§
757 PURN - 452¢r%2, 1231, 453841, 1320, 4053, -2.00
ASCENT PROP 129516, gog, 131701, org, 21¢5, 1,28 27
507 FURN 55R004, 1734, 595342, 1231, 71392, -3.00
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TABLE 2.3-1 (CONT)

MASS PROPERTIES CHANGE SHMMARY

CANFIRIMATION: 65% EASTEPLY MISSIAN DATE: 06/14/71
SUPSYSTEM LAST REPOPT CHRRENT REPNRT CHANGE MOTE
04/23 06/14 NA
WEIGHT v C.G6., WEIGHT ¥ C,G. WEIGHT v C,0.%%
L3, N, LE, IN, LE, M,
ASCENT PRAP 179516, 763, 131569, 763, 2053, -1.10 2¢
057 RIRY 717700, 1149, 726011, 1147, ajel, -2.,00
ASCENT PROP 1po51e, 592, 131570, 502, 2052, -1.14 2o
IGHITION 747238, 1064, g52ag], 1062, 11243, -2.,00
STAPT'IP 2818, 226, 1562, °61, -656, 25 30
LAINCH WT 240856, 1063, ®60443, 1061, 1057, -2.00

* THEGFE “UMPF°§ CORRESPOMD TO THE CHANGE A“ALVSI§ ITEM NUMRERS,
*% THESFE ARE CHANGES 1IN THE TOTAL VEHICLE € ,5, CANSED Pv
SYSTEM WEIGHT OR C.:. CHA“GEQ

2-27



MDC E0377

Space Shuttle Program — Phase B Final Report PART |

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

TABLE 2.3-1 (CONT)
MASS PROPERTIES CHANGE ANALVSIS

WING INCREASE OF 1010 POUNDS DUE TO 655 POUNDS OF STRUCTURE
FNRP I MCORPORATION OF NETAILS OF THE ANALVSIS VEMHICLE FINAL
CONFIGURATIOM AND A 355 POUND IMNCREASE IN LEADING ENGE AND
STRAKE WEIGHT DUE TO CORRECTING THE STRAKZ AND LEANING EDGE
AREA AND UNIT WEIGHTS FOR THE ANALVSIS VEWICLE FINAL
CONFIGURATION,

TAIL I NCREASE OF g2 POUNDS DUE TO INCORPORATINN OF FINAL
DETAILS OF THE ANALYSIS VEHICLE: STRUCTURE =~ 47 PJUNDS,
LEADING EDGE - 35 POUNDS,

PODy DECREASE OF 4161 POUNDS: 1045 L2, DECREASE DUE 10

TRANSFER OF PAYLOAD ATTACHMENT AND DEPLOVMEMT T2 THE LANDING/
DOCKING SYSTENM: 1630 LB, DECREASE DUz TC TRANSFER OF INTERSTAGE
ATTACHNMENT MECHANISM (DRAG LONGERON RETAINED IN BODY,)

TQ THE LANDING/DOCKING SYSTEM. THE REMAINING 2875 POUMNDS
DECREASE IS DUE TO DETAIL ANALVYSIS OF THE STRUCTURAL

COMPONENTS AS CONMPARED TO THE ESTIMATES PREVIAQUSLY CARRIED.

INCREASE IN THE AMALYSIS VEHICLE THERMAL PRNTECTIOM OF

3197 POUNDS AS CONMPARED TO MP-10 IS DUE TO THE ANALVSIS VEZHICLE
TPS BEING CNNSISTENT WITH MPeA, THZ WEIGHT DECREASES

OF ¥P9 AND MPIQ ARE IN THE FIMAL DESIGN BASELINE BUYT MOT

THE ANALYSIS VEWICLE,

THE LAMDING/DNCKING GROUP HAS INCREASED 1352 POUNDS DHE T)

THE FOLLOWING: THE ALIGHTING GEAR DECREASED Pv 506 LB,

AS A RES!NLT OF A DECREASE IN GEAR LEMNGTH BRONUGHT

AROUT BY THE NEW WING, DECELERATION CHUTE SI7E REDUCTION FROM
50 FEET TO 40 FEET DIAYETER -126 LB, THE

INCNARPORATION OF A DETAILED EVALUATION OF THE ANDROGVNO!S
DOCKING SYSTEM +210 LR, TRANSFER OF INTERSTAGK

ATTACH +203 LR,, PAVLOAD HANDLING +A47 LB,, AMD TUNNEL

+410 LB, FROM RODY STRUCTURE,

CHANGE TO AEROSPACE RECOMMENDED PRACTICE (ARP 735) MINIMUM
GAUGES WHERE APPLICARLE, IMPROVIED GIMBAL ACTUATOR WEIGHTS,
INCORPORATE RESULTS OF A MORE DETAILED ANALYSIS,

RECCDE ENGINE DOORS TO WING STRUCTURE (-1432 LEB.).
RESIZE FUEL TANK (-27 LB.). ADD INSULATION ON CRUISE TANK

2-28
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10,

1t

12

13.

14,

17,

1€,

TABLE 2.3-1 (CONT)
MASS PROPERTIES CHANGE ANALYSIS

(+44 L3.). INCORPORATE DETAIL ANALYSIS OF FEED SVSTEM (496 LBs) .

QDDICOSTINGENCY TO ITEMS NOT REMOVED FOR FEASTERLY MISSION
+61 LBJ).

ADD ONE ACS ENGINE AND INCORPORATE SCHEMATIC CHANGES,
I NCORPORATE RESULTS OF A MORE DETAILED ANALVYSIS,

ADDED FOURTH APU UNIT (+13g8 LB,), INCREASED FUEL CELL
UNIT WEIGHT (+200 LB.,). OTHER ASSOCIATED CHANGES (+56 LBJ).

I NCREASED AC GENERATOR WEIGHT BASED ON BETTER VENDOR DATA
AND ADDED LAMDING LIGHTS (+139 LBJ).

ADDED FOURTHY SYSTEM AND REVISED POWER PROFILE DUE TO
TRANSONIC LOADS,

LNADS I NCREASE DUE TO TRANSONIC CONTRAL REMUIREMENTS,

ADD MAINTENCE RECORDER (+100 LRB,) AND NUMEROUS OTHER
FAIPMENT LIST CHANGES FOR SYSTEM UPDATE (4356 LBJ).

CHANGE RADIATOR SIZE TO 615 S@UARE FEET., ANALVZE
RANIATOR STPUCTURE AND HINGE REQUIREMENTS FOR 1 G AND
15 KNOT WIND (+4%% LR,), PREANALYZE TOTAL SVYSTEM (=73 LBJ).

I1NCRFASE WEIGHMT OF FREEZER AND ANDD WATER STORAGE TANK,

ADJUSTED TO MAINTAIN ALLOWARLE ORBITER INJECTION WEIGHT,

I NCORPORATE DETAIL C.G. ANALYSIS,

I NCREASED CAPACITY OF FREON COOLING LOOP (4214 LB,).,
ADDITIONAL WATER IN CABIN COOLING LOOP (+42 LB,).
I NCREASED ATMOSPHERE SUPPLY (+32 LB,). ADDITIONAL

HYDRAULIC FLUID (+105 LB.), INCREASED ASCENT PROP,
RESIDUALS (+1 LE.):DECREASED MANEUVER TANK RESIDUALS (-63 LB.).

PNEUMATIC SYS RESERVES (+19 LB.). REVISED MANEUVER RESERVES

2-29
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TABLE 2.3-1 (CONT)
MASS PROPERTIES CHANGE ANALVSIS

(+373 LB,)., REVISED ECLS RESERVES (+12 LR,), ADDED
AP RESERVES (+14g LB,),

20, APU PROPELLANT NOW DISTRIBUTED THROUGHOUT MISSIOM, APU
PROP USED DHRING SUBSONIC FLIGHT (+37 LB,)., ALSO
INMCLUCES LANDING GEZAR RETRACTION,

21, APY PROP USED DURING ENTRY (+636 LB,), AUx, SVSTEM
EQILOFF DURING ENTRY (+160 LB.). AUX, SYSTEM COMPARTMENT
PURGE AND VENT L0SS DURING ENTRY (+3g2 LB.),

22, REVISED MANE!JVER PROPELLANT LOADING,

23. INFLIGHT LOSSES NOW DISTRIZUTED THROUGHOUT MISSION,
MINOR MANTUVER PR0OP, LOAD CHANGES,

24, REVISED MANEUVER PROPELLANT LOADING,

25+ = 29, INFLIGHT LOSSES DISTRIRUTED AND INCREASED ASCENT
PROPELLANT LOAD DUE TO LARGER FEED LINES AND
I MCREASED PROPFLLANT DENSITY.,

30, REANALVSIS OF ORRITER STARTUP REAUIRENENTS,

2-30
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TABLE 2.3-2 MP-10 TO DETAILED REPORT
MASS PROPERTIES CHANGE SUMMARY
CONFIGURATIOM: CANARD BOOSTER EASTERLY MISSTON DATFE:06/16/71
SUBSYSTEM LAST PEPORT CURRENT RCPORT CAANGE NOTE
nh/21 06714 MO,
HEIGHT X C.G.  UEIGIT X C.6, UEIGIT X C.G,%¥
L3. N, L3, IN, L3, TH,
TING 53764, 3767. SYSELR 3727. 4170, 8.01 1
TATLECANARD 13002, 2811, 19214, 3278. 6212, 12.67 »
30DY 157097, 28n2. 148599. 28170, -3590. -5.47 3
THERMAL PROT 76781, 3n13. 84807, 2053, gn26, I, 34
LANDING GEAR 23600, 3138. 25835, 3008, 2285. -1.90 5
ASCENT PROP 125718, 3716. 123329. 3708, -1038. -3.614 6
CRUISE PROP 38724, 2114, 37053. 2111, -1671. 2.9 7
OPIENT S§YS ug37. 2212, 5336. 2331. 507, .31 8
SURF CONTROL 692€. 3721, 113290, 3851. h334, 7.38 9
PRIME PO'IER 1723. 3710. 3582, 3654, 18597, 1.5 10
ELEC CON/DIS 1363.  2609. 1818, 2299 §55.  -1.48 11
HYDRAULICS €ou3, 3700. 7282, 37N00. 123) 1.28 12
AVINMICS 3724, 1369, Lkoyul, 1838, 1237. .24 13
LAUNCH ESC 0. 0. n. 9. 0. -.00
ECLS 4643, 2756, 2058, 2352,  -2585, .29 1h
PERS PROV 290. 1120, 288, 1120, =2. .01 15
BALLAST 0. 0. 0. 0. 0. -.00
PEND CHNGS 0. 0. 0. 0. 0. -.00
GROUT 4 248248, 3053. 420009, 3095, 177061, .19 16
DRY T 541815, 3138. 575526. 3164, 33711. 26.00
PERSONMEL ino, 1110. 522. 1110, 122, - 44 17



Space Shuttle Program — Phase B Final Report

MDC E0377 PART I
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY L
TABLE 2.3-2 MP-10 TO DETAILED REPORT (Cont.) §§;§§
MASS PROPERTIES CHANGE SUMMAPY
CONFTIGURATION: CANARD BOOSTER EASTERLY MISSIONM DATE:06/16/71
SUBSYSTEM LAST REPORT CURREMT REPOPT CHANGE NOTE
oh/21 06714 MO L #
JETIGHT X C.G. IEIGHT X C.G. MEIGIT X C.G,%#%
L3, IN. L3. M. L3, M.
RESIDUALS 9547, 2373. 14707, 2837. 5169, 5.10 18
RESEPRPVE 10441, 3763, 10245, 3801, -125. L3817
LANDINMG IT 562203, 3135, 601000. 3165. 38797. 30.00
CRU RESR DMP 36000, 3845, 34000, 3845, -2000. =224 20
EMD OF CRUSE 598203, 3173. €35000. 3201. 36737, 23.00
CRU PRO USED  100000. 2050. 87900. 2257. -13000. 44,52 21
APYU PROP 1287, 2023. 2035, 2023, BRI -1.34 22
CRUISE START €23232. 3015, 7240305, 3084, 24743, $3.990
INFLT LOSS 20788. 3276, 20812, 2313. 24, 1.08 237
ORIENT PROP 1290. 2023, 1212, 2023, 12. -.02 24
PEND CiNGS 0. 0. 0. n. 0. -.00
BURN OUT WT 721289, 3021. 746059, 3089, 24770, 68.00
ASCEMT PROP 758725, 2136. T753€50. 2111, 925. 2.23 25
75% 3URN 1439005, 2552, 1505709, 2596, 25700, il 00
ASCENT PROP 758725. 1938, 753650, 1038. 125, -.17 26
50% BURN 2238730, 2344, 2265359, 2375.  26629. 31.00
ASCENT PROP 758725. 1764, 759650, 1764, 925, -.14 27
25% BURN 2997455, 2197. 3025009, 2222. 27554, 25.00
ASCENT PPOP 758725, 1571. 759650, 1605, 325, 6.75 28
LAUNCH T 37556180, 2071. 3784653, 2098, 28479, 27.00

* TESE NUMIERS CORRESPOND TO THE CHANGE AMALYSIS ITEM NUMBERS.
M TYESE ARE CHANGES IN THE TOTAL VEHICLE C.G. CAUSED BY
SYSTEM WEIGHT OR C,G. CHANGES,
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TABLE 2.3-2 (Cont.)
MASS PROPERTIES CHANGE ANALYSIS

REFINED LOAD ANALYSIS (+5U42#). SUBSTITUTION OF

7075-T73 FOR T075-T6 (+2150%#). TRANSFER

OF LEADING EDGE ABLATORS FROM THERMAL PPOTECTION SYSTEMS
(+6674#). SUBSTITUTION OF METALLIC LEADING EDGE STRUCTUPRE
FOR ABLATORS (+8314#).

SUBSTITUTION OF 7075-T73 FOR 7075-T6 (+326#) INCREASE

IN DORSAL FIN WEIGHT AND (+273#)

INCREASE IN CANARD “WEIGHT, TRANSFER OF DORSAL FIM LEADING
EDGE ABLATORS FROM THERMAL PROTECTION SYSTEM (+228%#).
REDUCTION IN LEADING EDGE TPS APEA (DOPSAL) AMD SUBSTITU-
TION OF METALLIC LEADING EDGE STPUCTUPE FOR ABLATORS (+2344)
TRANSFER OF CANARD LEADING EDGE TPS FROM THEPMAL PROTECTION
SYSTEM (+3774%). SUBSTITUTION OF HASTELLOY FOR COLUMBIUM

FOR CANARD LEADING EDGE TPS (-39#). REFINED ANALYSIS OF
CANARD LOADS (+2L43%), ADDITION OF VENTPAL FINS (+57304%).
CONSERVATISM IN MP-10 WEIGHT ESTIMATE FOP INCOPPORATING
G.E. ENGINES (-11604#),.

TRANSFERRED ORBITER ATTACH AND SEPARATION PROVISIONS

TO LANDING & DOCKING(-32954#). REDESIGNED AFT SKIRT

& THRUST STRUCTURE TO REFLECT CHANGE IN ASCENT ENGINE
SPACING FROM 112 INCHES TO 106 INCHES (-10164%#).

DELETED THRUST STRUCTURE CONTINGENCY. CONTINGENCY 1S
ASSUMED TO BE ACCOUNTED FOR BY POSITIVE MARGINS IN STPUG-
TURAL MEMBERS (-3881#). REDESIGN OF LANDING GEAR PICK-UP
ELIMINATING THE CENTER TRUSS AND TORNUE BOX PANELS AND
INTEGRATING T4HE AFT TRUSS INTO THE EXISTING

FRAME AT STA. 3710 (-3377#). PEDESIGNED LH2 TANK

TO REFLECT FINAL LOAD ANALYSIS (+1545#)., ADDITION OF

SUMP TO LH2 TANK AFT BLKHEAD (+526#). ADJUSTMENT TO LH?
TAMK CONTINGENCY COMMENSURATE WITH THE CURRENT TANK YEIGHT
(+1294)., REDESIGNED LOX TAMK TO REFLECT FINAL LOADS
ANALYSIS (+367#). ADDITION OF SUMP TO LOX TANK AFT BULKHEAD
(+3354), ADJUSTMENT OF LOX TANK CONTINGEMCY COMMEMNSURATE
WITH THE CURRENT TANK YWEIGHT (+594). REVISION OF COCKPIT
ENCLOSURE YWEIGHT TO REFLECT THE UNIT WEIGHT OF THE DC-10 .
ENCLOSURE, ‘IEIGHT WAS PREVIOUSLY BASED OM THE UNIT WEIGHT
OF THE DC-8 ENCLOSURE (-130#). IMNCORPORATION OF CURRENT
DESIGM CONCEPT FOR WINDSHIELD THEPMAL PROTECTION (+202%).
MODIFICATION OF INTERTANK SIDEWALL WEIGHT TO AGREE

WITH FINAL LOADS ANALYSIS(-32#). INCREASED INTERTANK CON-
TINGENCY ALLO'YANCE (+127#). MISCELLANEOUS CHANGES (-53%).

LIMITING OF HCF THICKNESS INCREMENTS
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I
[

TABLE 2.3-2 (Cont.) 7
MASS PROPERTIES CHAMNGE ANALYSIS

TO .05 INCHES (+1150#). ADDITIOMN OF COATIMG TO EDGES OF
HCF TILES (+2240#), BEEF-UP FOR PRESSURE INCREASE

DUE TO INTERFERENCE (+360#). ADDITIONAL TPS FOR VENTRAL
FINS (+3175#). REDESIGN OF RAILS, JOINTS, AND EDGING
(+14304), ADDITION OF SCRIMP CLOTH TO SUB-PANELS
(+4804). PE-EVALUATION OF BASE HEAT PROTECTION (+504),
ADDITIONAL 4CF FOR INCREASES IN ASCENT HEATING (+23564%).
INCREASE IN SU3-STRATE JEIGHT TO REFLECTED REVISED
PRESSURE PROFILE (+1710#). ADDITION OF STANMD-OFF5 TO
ACCOMMODATE TUNNELS, FILLETS, AND FAIRINGS (+33274%).
TRANSFER OF UWING, TAIL, AND CANARD LEADING EDGE TP3

TO STRUCTURE (-1272#). DELETION OF CONTINGENCY ALLOWANCE,
WARRANTED 0Y DEPT! OF ANALYSIS (-69804%).

REFINED LANDING GEAR ANALYSIS (-1010%). TRANSFEP OF
ORCITER ATTACHH AND SEPARATIOM SYSTEM FROM 30DY
STRUCTURE (+32254).

ADDITION OF TP5 ATTACH FLANGE TO ICD ENGINE VUEIGHT
(+6604), RE-EVALUATION OF PROPELLANT SYSTEMS REFLECTING
LATEST CRITERIA (LOAD FACTORS) AMD COMPONEMNT WEIGHTS
(VALVES & BELLOUS) AND INCORPORATING ALUMINUM FOR
PORTIONS OF THE MAIN LOX FEEDLINES (+107N#%#)., REDUCTION
IN PNEUMATIC SYSTEM RENUIREMENTS (-1627#). TRANSFER

OF TVC {YDRAULIC FLUID TO RESIDUALS (-7784). REEVALUATION
OF TVC RENDUIREMENTS (~-5THH), TRANSFEP OF CHILL-DOUN
PROPELLANTS TO INFLIGHT LOSSES (=3804%),

RE-ANALYSIS OF CHILL-DOYWN SYSTEM (-113%#). ADDITINN

OF {YDRAULIC ENGIME COMTROL (+24#),

UTILIZATION OF CARTPIDGE STARTERS ON ALL ENGINES
(+2554), PREVIOUS DESIGN USED ODLEED AIP FOR STARTING

5 OF THE 10 ENGINES. PRE-EVALUATION OF ENGINE INSTALLATION
PENALTY RESULTING IN A CHANGE OF (-232%) IN THE

AIR INDUCTION SYSTEM,(-105#) IN ENGINE MOUMT WEIGHT,
(+2204) IN FIPEVWALL JEIGIT, AND (+905#4) IN EXHAUST SYSTEM.
DELETINN OF CONTINGEHNCY ON EMGINE WEIGHT (-2528%).

REDUCED CAPACITY OF F.JD CRUISE TAMNKS (-186#4), 77000

POUND CAPACITY JAS 100,000 POUNDS.

REDUCTION IN TANK WEIGHT RESULTING FROM THCORPORATION

OF DUAL MODE APU (-203#). NOTE - ACPS AND APU SHOW

COMMON LO2/L42 TANKAGE., INCREASE IN ACCUMULATOR WEIGHT

RESULTING FPOM REFIMED AMALYSIS AMND INCREASE IN PRESSURE

FROM 1950 PSIA TO 2140 PSIA (+1604), S
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10.

11,

13.

14,

15.

16.

TABLE 2.3-2 (Cont.)
MASS PROPERTIES CHANGE ANALYSIS

INCREASE IN LINE WEIGHT RESULTING FROM REFINED ANALYSIS
AND ADDITION OF VACUUM JACKETS (+131#). WEIGHT INCREASE
FROM REFINED VALVE INVENTORY AND ANALYSIS

(+1414), INCREASE IN SUPPORT VWEIGHT COMMENSURATE WITH
SYSTgM GROWTH (+42#). ADDITION OF ACPS INSTRUMENTATION
(+2384).

INCREASED HINGE MOMENTS €& RATES RESULTING IN (+51594#)
INCREASE IN HARDWARE AND A (+519#) INCPEASE IN HYDRAULIC
FLUID. TRANSFER OF HYDRAULIC FLUID TO RESIDUALS
(-1100#>. REDUCTION IN CONTROL WIRING RUNS (-184#).

INCORPORATION OF A DUAL MODE APU SYSTEM, DELETION OF
HYDROGEN/OXYGEN POWER UNITS (-1634). ADDITION OF AIR-
SREATHING POWER UNITS,BATTERIES, AND SUPPORTS (+2022#).
WEIGHT INCREASE IS DUE TO INCREASED POWER RENUIREMENTS.

ADDITION OF LANDING, RUNNING, AND ANTI-COLLISION LIGHTS
(+126#). ADDITION OF CONTROL/DISTRIBUTION INSTRUMENTATION
(+64>, ADDITION OF REMOTE POWER CONTROLLERS (+4204%)
REFINED ANALYSIS OF CIRCUITRY AND EOQUIPMENT YEIGHTS

(-57#).

INCREASED POWER DEMAND COMMENSURATE WITH INCREASED
SURFACE CONTROL REOUIREMENTS RESULTING IN A (+2746%)
INCREASE IN HYDRAULIC SYSTEM HARDWARE AND (+1801#)
INCREASE IN HYDRAULIC FLUID. TRANSFEP OF HYDRAULIC
FLUID TO RESIDUALS (-3308#).

ADDITION OF MAINTAINENCE RECORDER (+100#), ADDITION OF
ACTUATOR ASSEMBLY FOR PITOT STATIC/ANGLE OF ATTACK
SENSORS (+227#). SYSTEM UPDATE AND RE-EVALUATION (+910%#).

MODIFICATION OF THERMAL CONTROL SYSTEM WEIGHTS TO
AGREE WITH FINAL SCHEMATIC (+544). INCORPORATION

OF INITIAL DESIGN OF PURGE SYSTEM (-2826#)., ADDITION
OF TEN PERCENT CONTINGENCY ALLOWANCE (+1874).

REPLACEMENT OF RELIEF TUBE WITH URIME COLLECTION

ADJUSTED TO MAINTAIN BURNOUT WEIGHT RENUIRED FOR REFERENCE
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17.

18,

19.

20,

22.

23.
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Table 2.3-2 (Cont.)
MASS PROPERTIES CHANGE ANMNALYSIS

MISSION AND PAYLOAD (65K/DUE EAST). CURREMTLY 10.1%
OF DRY WEIGHT LESS CRUISE AND ASCENT ENGIMES (+177614#).

CREY/ AND EOUIPMENT WEIGHTS REVISED TO COMPLY WITH
NASA LETTER MSC-CF31:71L:02 (+1224#).

HYDRAULIC FLUID TRANSFERRED FROM HYDRAULIC, SURFACE
CONTROL AND TVC SYSTEMS (+5186#). REDUCTION IMN CRUISE
RESIDUAL COMMENSURATE ITH REDUCTION IN CRUISE PPOPELLANT
(-300#). ADDITION OF ENGINE CONTROL AND GEAR HYDRAULIC
FLUID (+195#), MISCELLANEOUS REVISIONS (+79#).

REDUCTION IN APU/ACPS RESERVES, IS 10% ON APU AMD 5%
ON ACPS, WAS 25% ON BOTH(-196#).

AND 21, REDUCTION IN CRUISE PROPELLANT REFLECTING
LATEST SFC, RANGE, AND DRAG INFORMATION (-15000#).

INCREASE REFLECTING LATEST POWER RENUIREMEMTS AND
ADOPTIONS OF A DUAL MODE APU SYSTEM (+9464),

RE-DESIGN OF L0O2 TANK SUMP RESULTING IN REDUCTION IN
PULL-THROUGH (-1200#%#). ADDITION OF SHUTDOWN LOSSES
(+852#). TRANSFER OF CHILL-DOWN PROPELLANTS FROM ASCENT
PROPULSION (+3804). MISCCLLANEOUS REVISIONS AND UPDATE
(-84,

UPDATE TO REFLECT LATEST REQUIREMENTS (+12#).

THRU 28, REVISED MAIN ASCENT PROPELLANT TO REFLECT
MISSION REQUIREMENTS (+3700#).
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b i;_/j 3.0 Combined Configuration - The "combined configuration' data shown in this

section is for the "analysis vehicle", i.e., the pending changes shown in Table
1-2 are not included. Data for the "final design baseline',which includes these
changes, i1s presented in Report E0403,

Figure 3-1 shows the combined configuration launch arrangement. The coordinate
axes system used for the combined configuration is also shown. This is the same
system used for the Booster.

Weight, center of gravity coordinates on moments of inertia at various mission
points are shown in Figure 3-2., Additional details to support these sequenced mass
properties, including a description of the items jettisoned between mission points,

is presented in Table 3-1.

et N e o e R W e

The data shown in this section is for the Easterly mission. Similar data for

the Resupply and Polar missions is presented in Appendix B.
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FIGURE 3-2 WEIGHT, CG'S AND MOMENTS OF INERTIA VS MISSION POINT (COMBINZD CONFIGURATION)
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TABLE 3-1 SENUENCED MASS PPOPEPTIES SUMMAPRY nNG/12/71
65K EASTERLY MISSTON
COMBINED CONFIGURATION
DESCRIPTIONM CURRENT CENTER OF GPAVITY MOMENT OF TNERTTA
IE1GHT X Y VA POLL PITCH Y AN
LBy CINCD PRPODUCT OF TMERTIA
POL-PIT PIT=-YAY YAI=-ROL
(SLUG=FEET S°,./1910.)
ORBITER SEP S6ahlp, 2183, a. 7210, 25806, 1707, hoh3l,
-1, 1. 2007,
30NSTER 30 THENSDY, 2085, 0. 433 13414, 120605, 128073,
=42, 3. 7)01.
BURN OUT IT 1596571, 2557, n. 587 23110, 254928, 256210,
~35. -, 14847,
ASCENT PROP 753650, 2111, 0. hnn, q, 495300, 43800,
0. 0. 0.
75% BURM 2366151, 2411, J. 527. 207232, 231425, 1328430,
-28. -1. -5071.
ASCENT PROP 750657, 1738, 0. bon, 1. 36507, 34507,
. 7. 0.
52% BURN 31258271, 2225, n, hot, 28385, 337730. 332745,
-22. 1. 1772.
ASCENT PpNP 753650, 1764, n, unn, n. 23195, 23195,
7. 2. J.
25% BURY 3885451, 2192, 2. 477. 39138, 45435, h53236,
=14, 2. 84939,
ASCENT PROP 7534650, 14575, 9. nn, ~0. 17436, 17096,
0. 0. 0.
LAUNGC.E IT beys1n1, 2076, 0. L5s, 21014, 525078, 518062,
-11. 2. 14715,
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4,0 Orbiter Summary - The Delta Wing Orbiter data shown in this section and

throughout the Detailed Mass Properties Report is for the "analysis vehicle",
i.e., the pending changes shown in Table 1-2 are not included. Data for the

"final design baseline",which includes these pending changes, is presented in
Report E0403.

In Table 4-1 Orbiter weight summaries are shown at key mission points from
main engine ignition thru landing. The total Orbiter weight at each mission point,
as well as the center of gravity coordinates and moments of inertia, are shown
graphically in Figure 4-1,

Table 4-2 is a six page Group Weilght Statement which follows the format
prescribed for the Space Shuttle program. Figure 4-2 shows the Delta Wing Orbiter
configuration and describes the Orbiter coordinate axes system used throughout
this report. Key design data is presented in Table 4-3.

Additional detail to support the sequenced mass properties shown in Figure 4-1,
including a summaries of items jettisoned between mission points, is presented in
Table 4-4,

Figure 4-3 is a general arrangement drawing for the Delta Wing Orbiter.

All the data shown in this section is for the Easterly mission. Similar

data for the Resupply and Polar missions 1s presented in Appendix B.
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M
pid

DESIGNATORS:

TS
LAUNCH

TABLE 4-1 MISSION WEIGHT SUMMARY (EASTERLY)
CONFIGURATION | DELTA ORBITER 18] | pATE [15 June 19
CODE SYSTEM
A B C D E F G H
1| WING GROUP | 31587
|2 | TAIL GROUP 5104
3 | BODY GROUP 55500
4 | INDUCED ENVIR PROTECTION | 32847
5 | LANDING, RECOVERY, DOCKING | 10551
6 | PROPULSION-ASCENT _ 26637
7 | PROPULSION-CRUISE 574
8 | PROPULSION-AUXILIARY 11877
9 | PRIME POWER 2272
10 | ELECT CONVER & DISTR 1303 ]
11 | HYDRA CONVER & DISTR 2760
12 | SURFACE CONTROLS 4901 -
13 | AVIONICS B 4588
T4 |ENVIRONMENTAL CONTROL | 7849
15 |PERSONNEL PROVISIONS 430
16 | RANGE SAFETY & ABORT 0
17 _|BALLAST 0
18 |GROWTH UNCERTAINTY 25363
19
SUBTOTAL CRY wEIGHT. 224143 _
20 | PERSONNEL 626
[ 21 I CARGO 6500065000 | 65000 | 65000 | 65000 | 40000 | 40000] 40000
22 'ORDNANCE - 0
[ 23 | RESIDUAL FLUIDS 4001
24
[ | SUBTOTAL -INERT WEIGHT. |293770293770 293770293770 |293770 268770 |268770| 268770
25 |RESERVE FLUIDS 13118] 13118 13118] 13118 | 6651 6651 | 6651 6651
26 |INFLIGHT LOSSES | 9788 7826 7816 7383 | 3250 871] 871 0
27 |PROPELLANT-ASCENT 526257526257, 263128 0 0 0 0 0
28 |PROPELLANT-CRUISE | 0 0 0 o] 0O 0 0 0
29 |PROPELLANT-MANEUV ACS 17510]17510 | 17510/ 17510 | 15517 | 6536] 1000 0
30
TOTAL GROSS-#EIGHT' LB 860443 858481, 595342] 331781319188 (282828 (277292275421
DU

IGNITION (EFFECTIVE)

50% BURN

" INJECTION

ON-ORBIT

PRE-RETRO

ENTRY

IO MMOTOWEm

LANDING

NOTES & SKETCHES:
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FIGURE 4-1 WEIGHT,C.G.'s AND MOMENTS OF INERTIA VS MISSION POINT (DELTA ORBITER)

MDC E0377
30 June 1971
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TABLE 4-2 GROUP WEIGHT STATEMENT  (EASTERLY) |Pace 1 0F ¢
CONFIGURATION l DELTA ORBITER BY DATE [15 June
1. WING GROUP CARRY EXPOSED 31587
THROUGH SURFACE 22795
BASIC STRUCTURE { 2735 } (20060)
TORQUE BOX 2735 14788
LEADING EDGE 5272
TRAILING EDGE Inc'l
SECONDARY STRUCTURE 2286
MAIN GEAR DOOR PROVISIONS 518
ABES DOOR PROVISIONS 1768
CONTROL SURFACES SURFACE SUPTMECH 3634
ELEVON 3634
CHONTINGENCY 2872
2. TAIL GROUP VERTICAL _HORIZ 5104
BASIC STRUCTURE {3380} ! ) 3380
TORQUE BOX 2649
CARRY THROUGH
LEADING EDGE 731
TRAILING EDGE N/A
SECONDARY STRUCTURE
CONTROL SURFACES URFACE SUPT M 1260
RUDDER (INCL. BAL WT LB 1260 Inc'l
CONTINGENCY 464
3. BODY GROUP 55500
INTEGRAL TANKAGE 20648
FUEL TANK 9734
OX!DIZER TANK 6042
BETWEEN TANKS {CMN BLKHD) 2876
INSULATION 1996
BASIC STRUCTURE FWD. CTR, AFT, SKIRT
{5292 ) (_9548) | Y ( 6984) 21824
SIDEWALLS 1928 2566 2105
BULKHEADS 2664 2928 3609
LONGERONS 700 _ 1054 Inc'l
THRUST STRUCTURE (MAIN ASCENT ENGINE) 1270
SECONDARY STRUCTURE 7982 |
CREW COMPARTMENT 1799
EQUIPMENT COMPARTMENTS — A1
SPEED BRAKES 534
ENGINE HEAT PROTECTION ok
INTERSTAGE {INCL. MECH._____ LBS) 1370
DOORS FAIRINGS -~ 3318
NOSE GEAR PROVISIONS
CONTINGENCY 5046

4-4
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PART |
SUMMARY

TABLE 4-2

GROUP WEIGHT STATEMENT(EASTERLY)

PAGE 2 OF 6

CONFIGURATION l

DELTA ORBITER [er]

DATE ]15 June 1941

4. INDUCED ENVIRONMENT PROTECTION
THERMAL PROTECTION

LEADING EDGE/NOSE CAP* {
Carbon-Carbon

WING HOR. TAIL VER. TAIL BODY ( 29841 )

% )(__ 0 ) (_** ) (350 ) _330

350

SURFA((::bE PROTECTION*® (

8330 ) (752 ) (_N/A

CONTINGENCY

*BREAK OUT BY TYPE OF MATERIAL

2211 4545
Hastelloy 3713 518 3809
Rene 41 1244
Inconel 1007
Titanium 1046
Insulation & Bagging 2406 234 6892
BASE HEAT PROTECTION® (1886 ) 1886
Insulation & Bagging 1886
SOUND PROTECTION ( )
METEORITE 'RADIATION PROTECTION { )

( 2986 )

** WEIGHT CARRIED WITH WING GROUP OR TAIL GROUP,

32847

4-5
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TABLE 4-2  GROUP WEIGHT STATEMENT  (EASTERLY) |Pace sor 6
CONFIGURATION DELTA ORBITER BY lons[ 15 June
5. LANDING, DOCKING STRUC- CON- 10551
ALIGHTING GEAR ROLLING TURE TROLS 7600
MAIN J121 7660 843
NOSE 176 563 237
DOCKING 400
AUXILIARY SYSTEMS 1763
DECELERATION CHUTES 258
TNTERSTAGE ATTACH 627
PAYLOAD HANDLING/TUNNEL 505/373
CONTINGENCY 788
6. PROPULSION — MAIN ASCENT 26637
ENGINE & ACCESSORIES 19422
ENGINE (AS SUPPLIED) 17620
GIMBAL SYSTEM 709
{GN!TION AND CONTROL SYSTEM 833
PROPELLANT UTIL!ZATION SY 260
ACCESSORIES N/A
INSTALLATION, DUCTS, SHROUDS N/A
PROPELLANT SY FUEL OXIDIZER 6206
FILL DRAIN 170 120
PRESSURIZATION /VENT 1242 616
RECIRCULATION 93 90
PCV SY 0 0
PRE-VALVES 334 528
FEED SYSTEMS 512 2059
VORTEX, FLOW CONTROL SYSTEM 223 219
TANKAGE —~ NONINTEGRAL TANK  INSULATE SUPTS N/A
FUEL N/A N/A N/A
OXIDiZER N/A N/A N/A
CONTINGENCY 1009
7 PROPUL SION — CRUISE BACK 574
ENGINE & ACCESSORIES 0
ENGINE
IGNITION ANDCONTROL SY
LUBRICATION SY (DRY)
ACCESSORIES
INSTALLATION, DUCTS, SHROUD 0
AIR INDUCT!ON .
ENGINE MOUNTING -
NACELLES PYLONS (INCL LB MECH
PROPELLANT SY 338
FILL DRAIN 57
PRESSURIZATION (DRY} 13
VENT SY 10
PUMP N/A
FEED SY 163
TRANSFER SY L7
DUMP SY N/A
SUPPORTS TINSTALLATION TS
TANKAGE — NON INTEGRAL TANK  INSULATE SUPTS 175
FUEL 79 A 57
CONTINGENCY 61

4-6
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| TABLE 4-2 GROUP WEIGHT STATEMENT (EASTERLY) ,,J,,’"GE 40F 6
CONFIGURATION DELTA ORBITER BY DATE {15 June 1971
8. PROPULSION — AUXILIARY ATT. MANEU- | 11877
CONTROL VER
THRUSTER INSTALLATION 1291 667
THRUSTER _ 1038 607
ACCESSORY — 253 60 _
PROPELLANT SY 3664 1112
FILL ‘DRAIN 423 )
PRESSURIZATION __ 444
VENT 150 —_
FEED SYSTEM 892 1112
ACCUMULATORS 1062
CONDITIONING EQUIPMENT 693
TANKAGE 3935
TANKS 1749 —
INSULATION 1648
SUPPORTS 538
CONTINGENCY 1067 141
9 PRIME POWER POWER MTG ~ PROPEL  TEMP CON- 2272
UNIT INSTAL TANK/SYS CONTROL TROLS TOoTAL | T —
ENGINE TURBINE 368 245 N/A 264 48 f 925 )
FUEL CELL 980 36 N/A 24 11 1051 )
CONTINGENCY ( 296 )
10- ELECTRICAL SUPPLY CONVER- CONTROL — 1303
. SION UNITS _ 601
EQUIPMENT 90 N/A 511
DISTRIBUTION AND CONTROL CIRCUITRY 435
UTILITY SYSTEMS 30
SUPPORTS/INSTALLATION 24
CONTINGENCY 213
11. HYDRAULIC SYSTEM #1 #2 #3 4 2760
({512 y (512 ) (512 ) 512 2048
138 138 138 138 U550
POWER SUPPLY 178 176 136 176 ( 704)
DISTRIBUTION CONTROL CTR o1 o1 2 = )
TEMPERATURE CONTROL SY
22 22 22 22 (_ 88)
AUXILIARY SYSTEMS Tos Toc Tos T 7305
) suRdNEERLS ToATen
12. A N
COCKPIT CONTROLS SEC- (SEE AVIONI sg
FLIGHT CONTROL SY POWER ONDARY sSupTS (SEE AVIONICH
SYSTEM ACTUATION CONTROLS XMISSION ACTUATOR ACT. INSTALL.
(267 y(_133 )(_3446 )(_130 ( 424 ) _ 4420
AILERON N/A N/A N/A N/A_ _N/A
ELEV OX 138 97 _ 2068 52 227
RUDDER 57 48 465 26 __A7
T.® FLAP N/A N/A N/A N/A N/A
SPEED BRAKE 72 8 913 22 130
CONTINGENCY UNITS CIRCUITRY COOLING ANTENNAS INSTALL., 481
13. AVIONICS (2430 )y(_652 H({_N/A )(_83 (8246 ) 4588
GUID NAV 292 62 ECLS 162 516
FLIGHT CONTROL 224 44 ECLS 59 327
DATA MANAGEMENT 826 238 ECLS 138 1202
COMMUNICATE 394 117 ECLS 83 335 929
CONFIG. SEQ, INCL IN DATA MANAGEMENT
INSTRUMENTATION " " "
DISPLAYS 694 191 ECLS 130 1015
CONTINGENCY 599

4-7
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TABLE 4-2 GROUP WEIGHT STATEMENT  (EASTERLY) | Pace s oF 6
CONFIGURATION DELTA ORBITER BY DATE| 15 June 1p71
14 ENVIRONMENTAL CONTROL
GAS SUPPLY SYSTEM (DRY) _166 | 7849
GAS MANAGEMENT . PROCESSING (DRY) — 685
HEAT TRANSPORT SYSTEM (DRY) 2009 __
WATER MANAGEMENT SYSTEM (DRY) 345
PURGE SYSTEM & FIRE EXTINGUISH 1119
INSULATION 5877
CONTINGENCY 648
15. PERSONNEL PROVISIONS Lso 430
SEATS RESTRAINT SYS(NO= 2 )
FIXED LIFE SUPPORT EQUIPMENT 130
EMERGENCY EQUIPMENT __ 30
CARGO HANDLING -
FURNISHINGS I
CONTINGENCY 20
16. RANGE SAFETY AND ABORT
17. BALLAST
18. GROWTH/UNCERTAINTY 25363
19. OPEN
SUBTOTAL (DRY WEIGHT) (224143
20. PERSONNEL PRESS.  ACCESS 626
NO MAN  GARMENTS HELMET  SUIT ORIES
CREW .2 - 392 2 12 26 1 433
PASSENGER I )
PERSONEL GEAR 'ACCESSORIES 78
LIFE SUPPORT O R
FOOD —22
EQUIPMENT - PORTABLE 26
62000
21. CARGO -
22. ORDNANCE
23. RESIDUAL & UNUSABLE FLUIDS J37 4001
ASCENT __30__
CRUISE 5
MANEUVER EELELS
ATTITUDE CONTROL INCL_MANEU
ECS _ 621
EPS 9
HYDRAULIC _1087
MISC. (SHOCK STRUT, ETC.) 126
24. OPEN
SUBTOTAL (INERT WEIGHT) 293770 )

4-8
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SUMMARY

TABLE 4-2 GROUP WEIGHT STATEMENT (EASTERLY) l PAGE & OF 6

CONFIGURATION

DELTA ORBITER

BY

DATE |15 June 1971

25,

26.

27.

28.

29,

RESERVE FLUIDS
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
EPS
HYDRAULIC

INFLIGHT LOSSES
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
EPS
HYDRAULIC

PROPELLANT — ASCENT

PROPELLANT - CRUISE

PROPELLANT = MANEUV 'ACS

TOTAL :GROSS WEIGHT)

6486
0
4720
1662
102
0
148

6467

0
1352 _
Incl. Maneu

324
—7—

805

MANEUY, ACS
15847 1663

13118

9788

526257

0

17510

(860443 )

4-9
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TABLE 4-3 DESIGN DATA SUMMARY (EASTERLY) PAGE 1 OF 8
CONFIGURATION I DELTA ORBITER l BY[ DATE ls June 197}
MAX DYNAMIC PRESSURE, LB/SQ. FT. 730 ASCENT HEADWIND
MAX qo PSF DEGREE _-1794 o WING
ENTRY VELOCITY FT,’SEC _23655 _____
ENTRY COEFFICIENT W/CLS 110/54/110
ENTRY ANGLE DEGREES __25/46/25
ULTIMATE LOAD FACTOR N Ny Nz 8 WEIGHT, LB
ASCENT 4.20 +.20 -.50 860,000
ABORT - == — 860,000
SEPARATION - — - 860,000
ENTRY -.21 - +2.9 267,500
CRUISE - -= +3,5 266,500
LANDING - - +3,5 _266,500
1. WING GROUP INSIDE
FUSELAGE EXPOSED
GROSS AREA SQ FT { 2240% ) ( 3557 ) 3543
TORQUE BOX 502 2058
LEADING EDGE (FIXED) 485%*
TRAILING EDGE (FIXED) N/A
MOVABLE SURFACES 10504%* :
VOLUME - CU. FT (SEE PARA. &)
ROOT BODY PLANFORM
MAC THEORETICAL  JUNCTION BREAK TIP
(B.L.167) (B.L. 617)
CHORD LENGTH (FT) 61,69 90.29 70.42 16,875
CHORD THICKNESS (FT) 8.88 7.04 2,09
SPAN BETWEEN CHORDS (FT) 27.83 75.0

DIHEDRAL ANGLE (DEG) __ 10 __
SWEEP BACK ANGLE iMEAN CHORD)

SPAN BETWEEN DIHEDRAL BASES FT 8

27.5

25% CHORD ___47.5

AIRFOIL DESCRIPTION

NACA 0010-64 @ Y167, NACA 0012.4 @ Y617

MOVABLE SURFACES

TAPER RATIO _-186
THICKNESS CHORD: ROOT __.0983 TIP_.124
DESIGN LOAD 200300 1b (LIMIT PER EXPOSED SURFACE)
CRITICAL LOAD CONDITION __AIRPLANE FLIGHT (+2,5G MANEUVER)
AREA - SQFT
CONTROL SURFACES TYPE RETRACT ~ EXTEND
ELEVONS 1050 1050
L. E. FLAPS N/A N/A
SPOILERS N/A N/A
SPEED BRAKES N/A N/A
PRIMARY STRUCTURAL MATERIALS DESIGN
MATERIAL TEMP °F
TITANIUM 600
ZSESFN%BE%XGE C-C & Cb 2660 & 2060
TRAILING EDGE {FIXED) N/A N/A
TITANIUM 600

NOTES:
** TIP RADIUS DECREASE OF 24 FT

**% ELEVON AREA INCLUDES 36 FT

* DIFFERENCE BETWEEN THEORETICQL AREA & TORQUE BOX AREA IS 1738 ng
AND STRAKE PLAN VIEW AREA 278 FT
IN EXPOSED AREA BUT NOT THE 5543 TOTAL WING THEORETICAL AREA.
INBOARD OF Y167 WHICH IS NOT IN ANY TOTAL.

IS INCLUDED
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE 4-3 DESIGN DATA SUMMARY (EASTERLY MISSION) PAGE 2 OF §
CONFIGURATION [ DELTA ORBITER le ] DATE [15 June 1071
2. TAIL GROUP INBOARD  OUTBOARD FWD AFT
VERTICAL  VERTICAL HORIZONT AL
EXPOSED AREA FT2 (TOTAL'  { LY Salelal B ) )
TORQUE BOX 264 ( )
LEADING EDGE (FIXED' 105 ( )
TRAILING EDGE (FIXED) 0 ( )
MOVABLE SURFACES 223 { )
CARRY THROUGH AREA - FT2 --
EXPOSED SEMI-SPAN — FT 28.2
CARRY THROUGH SPAN - FT i
NO. OF SURFACES VEHICLE 1
VOLUME - CUFT 1015
PRIMARY STRUCT.MATERIAL INCONEL 718
CHORD LENGTH
ROOT {THEORETICAL} FT. 26.42
MAC FT. 21,98
BODY, JUNCTION 26.42
TIP, FT. 16.83
CHORD MAX. THICKNESS
ROOT, FT 2.4
TIP, FT %'5
DIHEDRAL ANGLE, DEGREE 5
SWEEPBACK, 257 CHORD
CRITICAL LOAD CONDITION ASCENT
3. BODY GROUP FwD BARREL AFT COMMON
BULKHEAD BULKHEAD BULKHEAD
INTEGRAL TANK WETTED
AREA — FT2 -
OXIDIZER TANK 120 2704 (2824
FUEL TANK 4902 487 { 5389 }
INTER-TANK STRUCTURE 600 (__600
ULLAGE PRESSURE = PS! OXIDIZER _.39  FUEL 30
FS 177 to 1076 1076 to 1865 1865 to 2100
BASIC STRUCTURE WETTED FWD CTR AFT SKIRT
AREA - FT2 (4011 5 (5996 Yy y (1255 ) 11262
SIDEWALLS 824 1674 Incl
TANKAGE*#% 2480 2790 ——
NON STRUCTURAL* 707 1532 -
THRUST STRUCTURE (MAIN ASCENT ENGINE) 1255
BODY VOLUME ~ CU FT .TOTAL M.L 4701 )
PRIMARY STRUCTURAL MATERIAL ALUMINUM TANK TITANIUM PANELS
* CARGO DOOR, MAT'L ABOVE WL 425 BKHD.
%% TNCL FWD & AFT TANK EXTENSIONS
#%% THLORETICAL AREA - 610 FT?

<
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TABLE 4-3 DESIGN DATA SUMMARY  (pASTERLY) PAGE 3 OF 8
CONFIGURATION [DELTA ORBITER [BY[ DATE] 15 June 191

3. BODY GROUP (CONTINUED}

WETTED VOLUME UL T'DES. PRESS.
MISCELLANEOUS AREA-SQ.FT. CU. FT. DIFF, — PSI
CREW COMPARTMENT 615 878
EQUIPMENT COMPARTMENT Detail Defjinition om 2,14-33
RADOME ANTENNAS _Incl in Aviondes
SPEED BRAKES 100 N/A . __ N/A
DOORS FAIRINGS 1532
TANKS — OXIDIZER
TANKS — FUEL
4. INDUCED ENVIRONMENT PROTECTION
WING HOR.TAIL  VER.TAIL BODY
TOTAL VEH. WETTED AREA-FTZ _7549 454 1239 14156 (23396 )
LEADING EDGE NOSE CAP AREA (_1161* (0 ) (_174% ¢ 70 ) 1405
~SQFT
MA‘SERIAL _ Carbon-Carbon 389 174 70
MATERIAL _Cb L.E. 129
MATERIAL Cb Strake 643
SURFACE PROT. AREA- SQ. FT. (_3246 y(_320 Hy(__0 )(_12086_ ) 15652
MATERIAL _ Cb 937 _ 1348
MATERIAL _ Hastelloy 2309 320 2354
MATERIAL _ Rene 41 895
MATERIAL __Inconel 746
MATERIAL _ Titanium _1341
MATERIAL Insulation & Bagg_irg** 5402
MATERIAL
MATERIAL
UNPROTECTED AREA-SQ FT (3142 y (134 y(___1065 )¢ 0 ) _4341

BASE: MATERIAL _Insulation & Bagging

TOTAL VEHICLE VOLUME

1998 ) _1998

- CU. FT. {OUTER MOLDLINE} 14200 125%*x 1015 74701 190041 )
VOLUME INSIDE PRIMARY _

STRUCTURE = CUFT 12316 55% k% 1015 65587 (78973 )
TPS VOLUME CU FT 1884 70%** 0 9114 (11068 )
. 1.33 to .5 N/A .24 to .15 1.83

LEAD. EDGE NOSE CAP RAD-FT. , .

LEAD. EDGE NOSE CAP MAX TEMP °F 2660 N/A 3650 2340

LOWER SURFACE MAX TEMP °F 1990 1890 N/A 2110 to 1810
SIDE SURFACE MAX TEMPCF N/A N/A 1330 1360 to 600
UPPER SURFACE MAX TEMP®F 600 N/A N/A 600

NOTES:
* WEIGHT IS CARRIED WITH WING OR TAIL GROUP

** IN ADDITION ALL METAL SHINGLE AREAS HAVE INSULATION BLANKETS.

**% VOLUME AFT OF X = 2100 ONLY,
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE 4-3 DESIGN DATA SUMMARY  (EASTERLY) PAGE 4 OF 8
CONFIGURATION l DELTA ORBITER 15Y l DATE 115 June 197}

5. LANDING, RECOVERY, DOCKING

EXTENDED
ALIGHTING GEAR  NO..'VEH DESIGN STRUT STROKE  PRIMARY BRAKE
LOAD = LB LGTH-FT FT MATL MATL
MAIN GEAR 2 334890 11.2 1.33 STL __CARBON _
NOSE GEAR 1 106700 11.3 2.54 STL N/A
MAX. DESIGN LANDING WT ~ LB. - 266488
LANDING SPEED — KNOTS - 180
ANGLE OF ATTACK : LANDING — DEG = _ 12" MAX
LIMIT LANDING SINK SPEED
_ 10 FT sEC 266488 LB. LANDING WEIGHT
_ 10 FTSEC 266488 L B. MAX DESIGN LANDING WEIGHT

SEPARATION SYSTEM
DESIGN """ : SEPARATION ~ PSF =
MAX. AXIAL ACCELERATION ~ g's = 3.07 (LIMIT)

MAX. DESIGN SEPARATION — WT. LB. - _ 860000

DECELERAT!ON CHUTE

OIAMETER - F1 - 40 MAIN, 7. PILOT

NO VEH'CLE - 1+1
6 PROPULSION — MA N ASCENT CHAMB

THRUST-SL THRUST-VAC EXP RATIO I, VAC PRES PSI

ENGINE 550K 632K 150 459 3000
PROPELLANT SYSTEM FUEL OXIDIZER

ULLAGE PRES. — PS! 30 30 OPERATING LIMIT!

TH LOX

PROPEL TYPE 2

ULLAGE VOL - FT° 538 189 . 727

PRESSURANT . GHjp GOX

TOTAL TANK VOL - FT7_ * 18524 6874 (25398

USABLE PROP VOL - FTY *% _ 17986 __ __668Y { 24671

TOTAL LEN OF FEEDLINES - FT —__ 27 195

WET AREA VOLUME

TANKAGE — NONINTEGRAL NO. SHAPE SQ FT cU FT

OX!D!ZER N/A N/A N/A N/A

OXIDIZER

OXIDIZER

FUEL

FUEL

FUEL

NOTES: * NET USABLE PLUS ULLAGE (INCLUDES FEED LINE AND ENGINE VOLUME)
*% INCLUDES FEED LINE AND ENGINE VOLUME
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TABLE 4-3 DESIGN DATA SUMMARY  (EaSTERLY) PAGE 5 OF B

CONFIGURATION [ DELTA ORBITER 1 BY ] DATE I 15 June

7. PROPULSION —~ CRUISEBACK
NO. OF ENGINES
ENGINE THRUST ~ S.L. STATIC - LB _
SPECIFIC FUEL CONSUMPTION LB, LB -~ THRUST PER HR
« NOMINAL CRUISE ALTITUDE ~ FT
NOMINAL CRUISE ALTITUDE - FT
NOMINAL CRUISE SPEED ~ KNOTS
CRUISE ALTITUDE ENGINE OUT = FT
CRUISE SPEED, ENGINE OUT ~ KNOTS
CRUISE RANGE {ACTUAL REQ) -~ NA Mi
CRUISE RANGE (MAX AVAIL ~ NO
HEADWIND, ALL ENGINES UP)
CRUISE LIFT DRAG RATIO _
ENGINE THRUST SIZED BY —_—
LIFT COEFFICIENT FOR CRITICAL
THRUST CONDITION

TANK VOL TANK

TANK BURST NO. OF

TYPE CUFT MATL PRES-PSI  FACTOR TANKS
FUEL SYSTEM P 80 AL 30 2 2
PRESSURIZATION SYSTEM USES MAIN ASCENT PNEUMATIC SYSTEM RESIDUAL GAS
AIR INTAKE — LENGTH-FT.
- DIAMETER=FT
NACELLE WETTED AREA — EACH-SQ FT
8. PROPULSION ~ AUXIL IARY
THRUSTERS
THRUST VAC: = LB lep ~ SEC ACS QUANTITY REQ
S MANEUVER  COMBIN
15000 i 444 0 2 0 ( 2
1600 379 0 2 [4] ( 2 )
1600 3607379 0 0 28 (28,
( )
{ )
PROPELLANT 5Y$ TYPE TANK #* TANK TANK BURST  NO. OF
M MATL PRES.PSI FACTOR TANKS
FUEL L,  936Y FE’I‘3 33 2 1
OXIDIZER LoX 788.5 F3 Ea. AL 41 2 2
OXIDIZER PRESS.
** NET USABLE PLUS ULLAGE
9. PRIME POWER SPECIFIC TOTAL TYPE
POWER POWER/ ENERGY
BATTERIES _NZA_ WATT-HR LB _N/A _ WATT-HRS _N/A  _
ENGINE TURBINE HP-HR LB FUEL _349  HP-HR 37:07__
_2.87 _ HP/LB OF ENGINE (BASIC _320 HP (4 Req'd
FUEL CELL 935 _ WATT HRS. LB FUEL

935 UNIT)_667K WATT-HRS H_-
_28.6_ WATTSLB OF FUEL CELL __ 7K WATTS cowrfﬁﬂ%us (4 REQ'
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TABLE 4-3 DESIGN DATA SUMMARY (EASTERLY) PAGE 6 OF 8
CONFIGURATION | DELTA ORBITER [ev] PATE [15 e 1

10. ELECTRICAL POWER CONVERSION, DISTRIBUTION

SYSTEM VOLTAGE - _120  voLTS
PEAK POWER - 10.5K  WATTS (FUEL CELL RATING IS 7KW CONTINUOUS & 14KW PEAK)
AVERAGE POWER - _#:07K  WATTS 677 KWH/166 HRS

11. HYDRAULIC POWER CONVERSION DISTRIBUTION

SYSTEM NOMINAL OPER PRESSURE = _ 3000 pg;
PEAK POWER = 277 HORSEPOWER
AVERAGE POWER (EST. CONTINUOUS)= — %0 HORSEPOWER 3 .
TOTAL VOLUME OF FLUID —21 FT° 1087 oLB/.03 LB/IN"/1728 IN/FT
FLUID TYPE MIL-H-83282 MAX OPER TEMP - F_275
12. SURFACE CONTROLS * MAX DEFL MAX DESIGN
AREA RATE DEFL HINGE NO
SURFACE FT2  DEG.'SEC DEG MOM. IN-LB VEHICLE
PER ACTUATOR
ELEVON 525 35 65 3.06&8é 2/6 Act's
RUDDER 223 30 60 1.3x10° 1/2 Act's
SPEED BRAKE 65 25 60 1.4x106 2/4 Act's
*SEE MDAC MEMO NO. SSPI-E450-576 FOR LOADS DATA.
13. AVIONICS
14. ENVIRONMENTAL CONTROL TOT. STOR STORAGE TANK NO. OF
SOURCE  VOL-FT PRES. MATL TANKS
GAS SUPPLY SYSTEM (6.5 ) { 3 )
PRIMARY OXYGEN 0AMS N/A _N/A N/A N/A
SECONDARY OXYGEN  ECLS _ 1.0 3000 _COMP._ FIBER _ 1
DILUENT-N, ECLS 5,5 3000 _COMP., FIRER _ 2
GAS REQUIREMENT AVERAGE RATES
METABOLIC = 1.84 LB MAN-DAY
LEAKAGE - 3.5 LB DAY
REPRESSURIZE = 62.7 LB REPRESSURIZE (CABIN, AIRLOCK & EXT. TUNNEL)
PRESSURIZED SURFACE AREA - FT2  405-CABIN, 210-AIRLOCK
HEAT TRANSPORT SYSTEM CAPACITY = 30,700 BTUHR (PEAK) RADIATOR
- - 57,400 BTU HR (PEAK) TOTAL SYSTEM
RADIATOR AREA -615(EFFECTIVE) sQ FT__ALUM _ MATER|AL **PROJECTED AREA

CRYOGENIC HYDROGEN = 67x 1072 LB/BTU X 349.5 X 10° BTU'S = 234 LB LH2
WATER MANAGEMENT SYSTEM CAPACITY

DRINKING WATER - _*6:25 | g MAN-DAY x _*28 __ MAN DAYS
WASHING - NA (B MAN-DAY x N/A_ MAN DAYS
COOLING -_NA  |BBTU« _N/A __ BTUs

*PROVIDED NOMINALLY BY FUEL CELLS.
15, PERSONNEL PROVISIONS

16. RANGE SAFETY AND ABORT
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TABLE 4-3 DESIGN DATA SUMMARY (EASTERLY) PAGE 7 OF 8
CONFIGURATION [ DELTA ORBITER LBY[ DATE |15 June 1971
17. BALLAST

DESIGN C.G. ENVELOPE FWD - 66.1 o AFT-__ 68,5 o

NOMINAL C.G. WITHOUT BALLAST - %L

NOMINAL C.G.WITH _______ LBBALLAST -___ o

MAX DESIGN LANDING WT-LB 8 % MAC. C.G.

19.

20.

21

22.

23.

24.

25.

26.

. GROWTH UNCERTAINTY

CURRENT ALLOWANCE - _25363 B
CONTRACTORS EST OF ALLOWANCE NEEDED TO GUARANTEE
CURRENT PAYLOAD AND GROSS WT - LB*
REMAINING GROWTH ALLOWANCE FOR
CUSTOMER CHANGES - 7247 LB

" FOR SYSTEM REQUIREMENTS AS DEFINED BY __10% Less Ascent Engines

OPEN

PERSONNEL
NO. OF CREW -__2  ,AVEPERCENTILEMAN -__ 90
NO. OF PERSONNEL ; AVE PERCENTILE MAN -

TOTAL

CARGO CARGO BAY VOLUME - 10603 CUFT
BAY DIA . ___15  FT CLEAR
BAY LGTH __60 _ FT CLEAR

ORDNANCE

RESIDUAL FLUIDS ~ DEFINE WEIGHT ESTIMATING RATIONALE
OPEN

RESERVE FLUIDS

INFLIGHT LOSSES
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TABLE 4-3 DESIGN DATA SUMMARY (EASTERLY) PAGE 8 OF 8

CONFIGURATION I DELTA ORBITER le l DATE [15 June 1971

27 - 29 PROPELLANTS EXPENDED

ASCENT CRUISE MANEUVER ATTITUDE
OXIDIZER FUEL RATIO
(BY WEIGHT) 6 N/A 5 & 3.53 5 & 3.53
OXIDIZER ULLAGE VOLUME
- PERCENT* _5.5% 47,2 47,2
FUEL ULLAGE VOLUME
— PERCENT" 5.5%% 34,0 34,0
FUEL DENSITY - PCF 4.395 4,37 4,37
OXIDIZER DENSITY — PCF 71.0 70.6 70.6
FUEL BIAS — PERCENT 2
INCREMENTAL VELOCITY - FPS (14322 ) 900 N/A
INERTIAL _ 13736
ANGLE OF ATTACK 23
GRAVITY LOSSES 212
DRAG LOSSES 2
BACK PRESSURE LOSSES 29
FLT. PERFORMANCE
RESERVE 290
RANGE - NA Ml — )

GROUND MILES
HEAD WIND ALLOW.
CONTINGENCY

EQUIVALENT BURN TIME AT
FULL THRUST PROVIDED
FOR LAND ING GO-AROUND-MINUTES

- BASED ON NOMINAL LOADING {INCLUDE EXTRA TANK VOLUME PROVIDED FOR OF F-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT L.OSSES.

*% 37 PLUS 1% LOAD ALLOWANCE FOR MIN. ISP LOADING.
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£
l AN
TABLE 4-4 SENUENCED MASS PROPERTIES SUMMARY 06/1h/71
65K EASTERLY MISSTON
(DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOHENT OF THEPTIA
WEIGHT X Y y4 ROLL PITCH YA
'q:)) CINCID) PRODUCT OF INERTIA
ROL-PIT PIT=-YAY YA./-ROL
(SLUG-FEET 50./10092.)
UING 31587, 1738. 0. 194, 549, 423, 362,
n. 0. L,
TAILS 5104, 2054, 0. 632, 2. 11, 11,
0. 0. 2.
; 30DY 55500, 1292, 0. 271, 171. 2605, 2551,
: 0. 0. 82,
THERMAL PROT 32847, 1353, -0. 191, 388. 2734, 309?.
-0, -0, -6,
LANDING/DOCH 10551, 1438, -0, 129, 122, 32, hs5o,
-O. -O. —3('
PPOP-ASCENT 26637, 1863. L, 320. 42, 414, 375,
-3. -1. 3.
| PROP-CRUISE 574, 1542, 25. 288, 3. 2. by,
n, -0. -0,
PROP-AUXIL 11877. 1291. 5. 320, 21. 677. 691,
-0, 1. -28,
PRIME POUER 2272, 1015, -31, 258, 1. 261, 265.
=12, -0. J.
ELEC DIST 1303, 832, -16, 235, 0, 48, h8,
-2. -0, 2,
AYDRA DIST 2760, 1705, -52. 262, 5. 42, 45,
-2, -0, 3.
SURF CONTROL by01. 1944, 0. 3n8, 92. 33. 71,
0. 0. 7.
AVIONICGS 4588, 1030. 1. 384, 12, 101, 9.
1. -0. -5,
ENVIP CONTRL 784>, 1124, 0. 363. 0. 0. Th,
0. 0. 0.
PERSMNL PROV 430, 962, 7. 451, 0. 0. 92,
-0," -0. -0.
A3ORT 0. 0. 0. 0. n. 0. 0.
0. 0. 0.
BALLAST 0. 0. 0. 9. 0. 0. 0.
0. 0. 0.
GRO.TII/UNCEPR 25363, 1479, 0. 260, 0, n. 0.
0. n. 0.
DRY JEIGIT 224142, 1479, -0. 269, 1753 11431, 11985,
-11 2. 167.
PERSONNEL 626, 251, -1. Lgs, n. 0. 0.
—Oo -O- "O.
LANDED CARGO 4nnoo., 1420, 0. o9, 35. 410, 410,
0. 0. 0.
RESID FLUIDS 4n01. 1385, 0. 279. 20, 252. 238,
P 0. -0, -20,
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TABLE 4-4 (Cont.)
SEQUENCED MASS PROPERTIES SUMMARY nG/14/771
651K EASTERLY MISSION
(DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF THERTIA
WETIGHT X Y 7 ROLL PITCH Y AU
LD CINCH)D PRODUCT OF THERTIA

ROL-PIT PIT-YAI! YAI-ROL

(SLUG=FCET 50./1000.)

INERT “EIGAHT 268760, 1468, -0, 289, 1938. 12291, 127573,

-11. 2. 77,

| RESERVE FLDS GE51. 1712, 0. 287. 12, 243, 255.
| n. -3, =23,
: LANDING T 275420, 1474, -0. 289, 1350, 12622, 13041,
% -11. 2. 55.
CRUTSE PROP 37. 1786). 0. 23401, -4332. =638,  -20%6.

0. 0. -313).

FLIGHIT WT 275457, 1476, -0. 252. 1883. 12645, 13137,

-11. 2. el

- ENTRY ACS 1830,  1477. -0. 307. 3. 105. 196.
- -0. 0. -7,
§ EMTRY UT 277291, 1476, -0, 233. 15835, 12751, 13228,
: -11. 2. 33.
- RETRO PROP 5536, 1741. 9. 283. 3. 1383, 18).
- 9. -0. -17.,
PRE RETRO T 282827. 1481. =0, 29°7. 18975, 13016. 13599,

-11. 2. 1,

OMN ORDE LOSS 11360. 1600, 9. 275, 13, 568, 577.

_ 0. -0, -43,
LANDED CARGO -40000. 1420, 9. unn, -35 -410. -41n.

, 9. 0. 0.
j ASCEMT CARGO 55000, 1420, 0, 490, 57. 667, 667.
n. n. 0.

- OM ORSIT UT 317187, 1481, -0, 301. 1293.  13253. 143232,
- -11. 2. -69.
_ MANEUV PROP 1773, 1741, -0. 283, 3. 66. 5?.
= -0, 0. -6.
N DUMPED PROP 10600,  813. 0. 208, 5. 84, 88,
0. -0, -0.

= INJECTION WT 331780, 1461. -0, 298, 2912,  15137.  15577.
-11. 2. 31.

Wl |

4-20
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75% BUPN
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7% BURN
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ASCENT PROP

25% BURM

ASCENT PROP

IGNITION

STARTUP

LAUNCH T
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TABLE 4-4 (Cont.)

SENUENCED MASS PROPERTIES
FEASTCNLY MISSION

35K

(DELTA ORBITER)

CURRENT
WEIGHT
LB

131860,

636480,

131791,

535341,

131567,

726210,

131570.

358481,

1767,

aenlih2,

SUMMARY

CENTER OF GRAVITY

X

997.

1323.

888,

1231,

763n

1147,

861,

1161,

Y

CINCi)

4-

Z

27

228,

267.

228,

260,

8.

N6/14/71

PART I
SUMMARY

MOMENT OF TNERTIA

ROLL

PITCH

YA

PRODUCT OF ITHERTIA

ROL-PIT

PIT-YA!

YAI=ROL

(SLUG-FEET $0,/1000.)

64,
2461,
-14,

83.

2563,

-14,

2579,
S

1746,
0.

33520.
1.

872.
0.

4182y,
1,

24,
0.

41865,
1.

2048,
-0,

22315,
616,
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i 5.0 Booster Summary - The Canard Booster data shown in this section and

throughout the Detailed Mass Properties Report is based on the vehicle described
by general arrangement drawing 256-20-0001 Revision A. A copy of this drawing is
included as Figure 5-3 at the end of this sectian. Since there are no pending
changes for the booster, the mass properties presented herein for the "analysis
vehicle" are the same as those presented in Report E0403 for the "final design
baseline".

In Table 5-1 Booster weight summaries are shown at key mission points from
launch thru landing. Orbiter weight is not included in these summaries. Booster
weight, center of gravity coordinates and moments of inertia at each mission point
are shown graphically in Figure 5-1,

Tables 5-2 and 5-3 are the prescribed Space Shuttle Group Weight Statement
and Design Data Summary. Figure 5-2 shows the Canard Booster configuration and
describes the coordinate axes system used throughout this report for the Booster
and combined vehicles.

Additional detail to support the sequenced mass properties shown in Figure
5-1, including summaries of items jettisoned between mission points, 1s presented
in Table 5-4.

Figure 5-3 is the general arrangement drawing for the Canard Booster.

The data shown in this section is for the Easterly mission. The only Booster
difference between missions is in the cruise fuel loading plus associated effects
on reserve and residual fluids and on the available growth/uncertainty allowénce.

These differences are described in Appendix B.
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FIGURE 5-1 WEIGHT, C.G.,'s AND MOMENTS OF INERTIA VS MISSION POINT (CANARD BOOSTER)
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SUMMARY

TABLE 5-1 MISSION WEIGHT SUMMARY
CONFIGURATION | CANARD BOOSTER [ BY | [ oATE [15 June 19471
CODE SYSTEM
A B C D E F G H
1 | WING GROUP 57954
2 | TAIL GROUP 19214
3 | BODY GROUP 148599
4 | INDUCED ENVIR PROTECTION 84807
5 | LANDING, RECOVERY, DOCKING | 25885
6 | PROPULSION~ASCENT 123320
7 | PROPULSION~CRUISE 37053
8 | PROPULSION-AUXILIARY 5396]
9 | PRIME POWER 3582
10 | ELECT CONVER & DISTR 1818
11 [HYDRA CONVER & DISTR 7282
12 | SURFACE CONTROLS 11320
13 | AVIONICS 4941
T4 | ENVIRONMENTAL CONTROL 2058
15 | PERSONNEL PROVISIONS 288
16 | RANGE SAFETY & ABORT
17 |BALLAST
18 | GROWTH. UNCERTAINTY 42009
19
SUBTOTAL (DRY WEIGHT) 4575526
20 | PERSONNEL 522
21 | CARGO
22 | ORDNANCE
23 | RESIDUAL FLUIDS 14707
24
"SUBTOTAL (INERT WEIGHT) {590755
25 RESERVE FLUIDS 34245134285 | 34245 | 34245134245 245
26 |IN FLIGHT LOSSES 22847122847 | 22847 | 2035
27 |PROPELLANT-ASCENT 3038600151930p
28 |PROPELLANT-CRUISE 97000[97000 [ 97000 [ 97000 (10000 | 10000
29 |PROPELLANT-MANEUV. 'ACS 1212] 1212 | 1212
30
TOTAL (GROSS-WEIGHT) LB. 3784659226535P746059724035 635000 (601000

DESIGNATORS:

ENTS
LAUNCH WEIGHT

50% BURN

BURNOUT

START CRUISE

END CRUISE

LANDING

EV
A
B
C
D
E
F
G
H

NOTES & SKETCHES:

5-3
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TABLE 5-2  GROUP WEIGHT STATEMENT [Pace i oF s
CONFIGURATION 1 CANARD BOOSTER lBY DATE {5 JUNE 971
1. WING GROUP CARRY EXPOSED 57954
THROUGH SURFACE 51634 |—

BASIC STRUCTURE 5414 ) ( 36220)

TORQUE BOX 15414~ 26820

LEADING EDGE 9400

TRAILING EDGE

SECONDARY STRUCTURE
VARIABLE GEOMETRY (INCL ____ L B5S MECHANISM}
DOORS, INSULATION, FAIRINGS

CONTROL SURFACES SURFACE SUPTMECH _ 6320
AILERONS — (INCL. BAL WT LB) 5430 890
T.E. FLAPS
L.E. FLAPS
SPOILERS

SPEED BRAKES

VENTRAL  DORSAL

2. TAIL GROUP VERTICAL YERTICAL CANARD 19214

BASIC STRUCTURE ( 5730) (3214 ) ( 6174 ) 15118 |7
TORQUE BOX 3310 2252 3944 -
CARRY THROUGH
LEADING EDGE 1154 962 17330—
TRAILING EDGE 1266

SECONDARY STRUCTURE

CONTROL SURFACES é——;RFA (—rwgcl %096 —
RUDDER (INCL. BAL WT ) _@64 426
ELEVONS 1149 457

3, BODY GROUP 148599

INTEGRAL TANKAGE 102261
FUEL TANK 61662 —
OXIDIZER TANK 19769
BETWEEN TANKS(INTERTANK) 16717
INSULATION —Z1i3

BASIC STRUCTURE FWD, CTR, AFT, SKIRT

{ 967 ) ) } (37797 ) __38764

SIDEWALLS (NOSE SHELL) 967
BULKHEADS
PARTITIONS
THRUST STRUCTURE (MAIN ASCENT ENGINE) 377

SECONDARY STRUCTURE 7574
CREW COMPARTMENT 1920
EQUIPMENT COMPARTMENTS —
RADOME 'ANTENNAS
SPEED BRAKES
ENGINE HEAT PROTECTION
INTERSTAGE (INCL. MECH.______LBS)
DOORS/ (LANDING GEAR) - 1302
GEAR/WING PROVISIONS __ 41352
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TABLE 5-2 GROUP WEIGHT STATEMENT PAGE 2 OF §
CONFIGURATION I CANARD BOOSTER 1 BY [ DATE 15 JUNE 197
4. INDUCED ENVIRONMENT PROTECTION 84807
THERMAL PROTECTION WING HOR. TAIL VER. TAIL BODY (84807 )
LEADING EDGE/NOSE CAP* (_*% )(_**x ) (__** ) ( )
SURFACE PROTECTION* (16450) (4524 ) (_6596 ) (47969 ) 75539
STRUCTURE 7333 1920 2944 21201
HCF 5203 1489 2035 14449
COATING 2439 701 1009 7626
OUNL —Tﬁ'S'S' —-—m—— ——-6-0-8- .—tﬁ”
BASE HEAT PROTECTION® ( ) 2678
STANDOFFS 3327
INSTRUMENTATION 263

SOUND PROTECTION
METEORITE /RADIATION PROTECTION

*BREAK OUT BY TYPE OF MATERIAL
** METALLIC HOT - CHARGED TO WING AND TAIL GROUP STRUCTURE

5-5
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TABLE 5-2 GROUP WEIGHT STATEMENT |Pace 3 0F ¢
CONFIGURATION CANARp BOOSTER BY DATE|15 JUNE 1971
5. L ANDING, DOCKING STRUC-  CON- 25885
ALIGHTING GEAR ROLLING TURE TROLS 22590
MAIN _ 5760 8250  _1050
NOSE 2880 4160 490
DOCKING 0
AUXILIARY SYSTEMS 3295
DECELERATION CHUTES 0
FLOTATION GEAR 0
ORBITER ATTACH 3295
CONTINGENCY 0
, 5. PROPUL SION — MAIN ASCENT 123320
ENGINE & ACCESSORIES 98241
ENGINE (AS SUPPLIED) 89940
GIMBAL SYSTEM 5516
CHILLDOWN SYSTEM 632 _
PNEUMATIC SYSTEM 2129
HYDRAULIC ENGINE CONTROL 24
INSTALLATION, DUCTS, SHROUDS 0
PROPELLANT SY FUEL OXIDIZER ~ 24579
FILL DRAIN 801 690
PRESSURIZATION 1559 1732
VENT SY
PCV SY 0 0
) PROPELLANT LOADING 40 35
FEED SYSTEMS 6031 _13691
CONTINGENCY 500
TANKAGE - NONINTEGRAL TANK  INSULATE SUPTS 0
FUEL
OXIDIZER
7 PROPULSION — CRUISE BACK 37053
ENGINE & ACCESSORIES 28084 1
ENGINE 26140
_ LEVEL SENSING 130
_ LUBRICATION SY (DRY)
= ACCESSORIES 1814
INSTALLATION, DUCTS, SHROUD 3893
AIR INDUCTION 1108
ENGINE MOUNTING 195
FIREWALLS 990
EXHAUST SY 1600
PROPELLANT SY T 1428
FILL/DRAIN & DUMP 139
PRESSURIZATION (DRYE VENT) 246
BLEED AIR SUPPLY 6
PNEUMATIC ACTUATION 111
FEED SY & TRANSFER 886
TRANSFER SY -
DUMP SY
SUPPORTS/INSTALLATION
TANKAGE — NON INTEGRAL TANK  INSULATE SUPTS 2656
FUEL
CONTINGENCY 992
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TABLE 5-2 GROUP WEIGHT STATEMENT | Pace 4 0F 6
CONFIGURATION CANARD BOOSTER BY ]DATE 15 JUNE 1971
8. PROPULSION ~ AUXILIARY ATT. MANEU- 5396
CONTROL __VER _
THRUSTER INSTALLATION 549
THRUSTER
ACCESSORY
PROPELLANT SY 1998
FILL ‘DRAIN __ 110
PRESSURIZATION 148
VENT 216
FEED SYSTEM 1524
DUMP SYSTEM
SUPPORTS
TANKAGE 1802
TANKS 510
INSULATION 1292
SUPPORTS
CONTINGENCY 1047
9 PRIME POWER AIR POWER MTG'  PROPEL  TEMP CON- 3582
_BREATHERS yNIT INSTAL TANK/SYS CONTROL TROLS TOTAL
BATTERIES 35 ! 13s )
ENGINE TURBINE 6 86* ‘ )
FURL CELL 181 86 326 295 173 45) (3592 )
* INCLUDING ALTERNATORS
10. ELECTRICAL SUPPLY CONVER- CONTROL 1818
T _SION UNITS 676 -
EQUIPMENT 192 484
DISTRIBUTION AND CONTROL CIRCUITRY 853
UTILITY SYSTEMS 126
SUPPORTS/INSTALLATION 163
11. HYDRAULIC PRIMARY UTILITY  EMERG 7282
7282 )y ¢ 0 Y [ O ) 7282
POWER SUPPLY 900
DISTRIBUTION CONTROL CTR 5879
TEMPERATURE CONTROL SY 0
AUXILIARY SYSTEMS 132
SUPPORTS INSTALLATION 371
12. SURFACE CONTROLS 11120
COCKPIT CONTROLS
FLIGHT CONTROL SY POWER FEEL SUPTS {SEE AVIONICH
SYSTEM ACTUATION CONTROLS XMISSION ACTUATOR SY INSTALL.
(123 Yy(__690 )Y(_8804 )( Y1673 ) 11320
ELEVON 69 431 — 6804 1293
CANARD FLAP 23 32 440 B4
RUDDER 61 207 1560 _ 296
T.E FLAP
SPEED BRAKE
UNITS CIRCUITRY COOLING ANTENNAS INSTALL.
13. AVIONICS (2770  y(_698 y(_N/A y(_88 ) (759 ) | 4941
GUID NAV 140 24 N/A N/A 114 278
FLIGHT CONTROL 865 175 N/A N/A 119 1159
DATA MANAGEMENT 835 242 N/A N/A 140 1217
: : COMMUNICATE 317 95 N/A 88 353 853
A% CONFIG. SEQ, SEE DATA MANAGEMENT
INSTRUMENTATION SEE DATA MANAGEMENT
DISPLAYS 613 162 N/A N/A 33 808
CONTINGENCY 626
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TABLE 5-2 GROUP WEIGHT STATEMENT |me 50F 6
CONFIGURATION CANARD BOOSTER BY DATE[L5 JUNE 1971
14, ENVIRONMENTAL CONTROL _2058
GAS SUPPLY SYSTEM (DRY) 120 _
AIR CYCLE & PRESSURE CONTROL SYSTEM 308
HEAT TRANSPORT SYSTEM (DRY) 455
CABIN INSULATION —17z
PURGE SYSTEM 816
CONTINGENCY 187
15. PERSONNEL PROVISIONS 288
SEATS 'RESTRAINT SYS (NO = ) 120
FIXED LIFE SUPPORT EQUIPMENT _*
EMERGENCY EQUIPMENT 29
CARGO HANDLING -0
FURNISHINGS 139
* WEIGHT CHARGED TC ECLS
16. RANGE SAFETY AND ABORT 0
17. BALLAST N o
18. GROWTH/UNCERTAINTY 42009
19. OPEN 0
\
SUBTOTAL (DRY WEIGHT) 015526 )
20, PERSONNEL PRESS. ACCESS 522
NO MAN  GARMENTS HELMET  SUIT ORIES —
CREW (2 ) _392 13 12 26 79 522
PASSENGER ( ) 0
PERSONEL GEAR ACCESSORIES —_—0
LIFE SUPPORT —0
FOOD
EQUIPMENT — PORTABLE
S ¢
21. CARGO | o
22, ORDNANCE
23. RESIDUAL & UNUSABLE FLUIDS 4707
ASCENT _4796
CRUISE 4045
MANEUVER 0
ATTITUDE CONTROL __306
ECS _g_zs.__
APU —22
HYDRAULIC 5381
MISCELLANEOUS 40
24, OPEN 0
SUBTOTAL (INERT WEIGHT) (590755 )
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TABLE 5-2 GROUP WEIGHT STATEMENT L PAGE 6 OF 6
CONFIGURATION CANARD BOOSTER BY DATE |15 JUNE 1971
25. RESERVE FLUIDS 10245
ASCENT Y
CRUISE 10000
MANEUVER 0
ATTITUDE CONTROL 2%
ECS 0
APU 191
HYDRAULIC —_—
26. INFLIGHT LOSSES & APU PROP 22847
ASCENT 20320
CRUISE 0
MANEUVER 0
‘ - 9
ATTITUDE CONTROL
ECS ____o
APU 2035
HYDRAUL IC 0
MISCELLANEOUS 483
27. PROPELLANT - ASCENT 3038600
28. PROPELLANT - CRUISE 121000
NOMINAL USABLE - 87000
o o | § S
DUMPED RESERVE - 34000 MANEUY. ACS -
29. PROPELLANT = MANEUV ‘ACS 0 1212
8784659 )

TOTAL :GROSS WEIGHT)

5-9
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; TABLE 5-3 DESIGN DATA SUMMARY PAGE 1 OF 8
CONFIGURATION L, CANARD BOOSTER lBYl DATE[IS JUNE 19F1
b MAX DYNAMIC PRESSURE, LB.'SQ. FT. _+958 (LOAD COND. 4)*
! MAX qo PSF DEGREED686_(LOAD COND. 4)*
! ENTRY VELOCITY FT SEC 10824 (EASTERLY MISSION)
. BALLISTIC COEFFICIENT W.C A, LB.SQ. FT. __89.4
,z ENTRY ANGLE DEGREES 0
ULTIMATE LOAD FACTOR Nx Ny Nz WEIGHT, LB #%
ASCENT 4.30(COND,10)-0.30(COND, 6)-0,52(COND. 8) N/A
ABORT
SEPARATION -
| ENTRY ~0.33(COND.11) 0.0(COND. 11)-5.98(COND.11) _ 722642
. CRUISE -0.59 (COND.12) 0.0(COND.12)-3.49 (COND.12) 722642
f L ANDING -1.72(COND.18) 0.29(DRIFT) =3.51(COND.17) 588235
; 1. WING GROUP INSIDE
' FUSELAGE EXPOSED
! GROSS AREA SQ FT { 1947.6 ) ( 4068, 0%*%% ) 6015, 6%**
. TORQUE BOX 626.,7 1271.6
f LEADING EDGE ‘FIXED) N/A 1497.5
, TRAILING EDGE (FIXED) N/A 332.0
: MOVABLE SURFACES N/A 966.9
VOLUME = CU. FT 12032
n ROOT BODY PLANFORM
MAC THEORETICAL  JUNCTION  BREAK TIP
STA.235
CHORD LENGTH (FT) __43.33 57.50 48,53 N/A 25,00
CHORD THICKNESS FT) 6.15 5.19 N/A 2.68
SPAN BETWEEN CHORDS (FT)
DIHEDRAL ANGLE :DEG) _7.67_. SPAN BETWEEN DIHEDRAL BASES FT ___ 39.17
SWEEP BACK ANGLE MEAN CHORD) 37° 25% CHORD ___40°

AIRFOIL DESCRIPTION NACA 0010,7-64
TAPER RATIQ _+435

THICKNESS ‘CHORD: ROOT __ 0.107 TIP_0.107
DESIGN LOAD _SEE BOOSTER TECHNICAL SUMMARY (E0308-TI-3)SECTION 3.1.7.2 (DES. LOADS)
CRITICAL LOAD CONDITION SLE BOOSTER TECH. SUMMARY
AREA - SQ FT
CONTROL SURFACES TYPE RETRACT ~ EXTEND
T.E. FLAPS N/A N/A N/A
L. E. FLAPS N/A N/A N/A
SPOILERS "
SPEED BRAKES Y ]
PRIMARY STRUCTURAL MATERIALS DESIGN
MATERIAL TEMP °F
TORQUE BOX 7075-T73 200
LEADING EDGE
. TRAILING EDGE .FIXED: v :
’ MOVABLE SURFACES
NOTES:

* SEL BOOSTER TECHNICAL SUMMARY (E0308-II-3) SECTION 3.1.7.2 (DESIGN LOADS) FOR

. . DESCRIPTION OF LOADING CONDITIONS AND COMPLETE DESIGN LOAD SUMMARY

-‘\—/’: ** ESTIMATED LOADS USED FOR LOADS ANALYSIS - NOTE THESE VALUES MAY DIFFER FROM
FINAL WEIGHTS,

*%% THEORETICAL AREA,

5-N
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TABLE 5-3 DESIGN DATA SUMMARY PAGE 2 OF 8
CONFIGURATION | CANARD BOOSTER [ev ] DATE s junr 197§
2. TAIL GROUP VENTRAL DORSAL
VERTICAL VERTICAL  CANARD
*hkhk
EXPOSED AREA FT2 (TOTAL) (874.0 ) (_876.0 y (_943.8 ) )
TORQUE BOX 274.1 218.8 564.6 ( )
LEADING EDGE {FIXED} 180.6 180.6 242.0 ( )
TRAILING EDGE {FIXED) 419.3 108.0 137.2 { )
MOVABLE SURFACES N/A 366.6 202.0 ( )
CARRY THROUGH AREA - FT2  _N/A N/A 311.1
EXPOSED SEMI-SPAN — FT 23.0 23.0 24, 2%*
CARRY THROUGH SPAN — FT N/A N/A 26.67
NO. OF SURFACES VEHICLE z 2 1
VOLUME - CUFT 1071 1071 6040
PRIMARY STRUCT.MATERIAL 7075-T73 7075-173 7075-T73
CHORD LENGTH i
ROOT (THEORETICAL! FT. 25.0 25.0 19.5%
MAC FT. 19.67 19.67 19.5%
BODY, JUNCTION N/A N/A 19.5%
TP, FT. 13.0 13.0 19.5%
CHORD MAX. THICKNESS
ROOT, FT 2.21 2,21 5.93
TIP,FT 1.18 1.18 5.93
DIMEDRAL ANGLE, DEGREE /A N/A N/A
SWEEPBACK, 25% CHORD 48 6 9
CRITICAL LOAD CONDITION SEE BOOSTER TLCH. SUMMARY (E0308-1I-3)
SECTION 3.1.7.2 (DESIGN LOADS)
3. BODY GROUP FwD BARREL  AFT COMMON
BULKHEAD BULKHEAD  BULKHEAD
INTEGRAL TANK WETTED
AREA - FT2 22901
FUEL TANK 1145 12018 1145 N/A {14308
INTER-TANK STRUCTURE N/A 2421 N/A N/A (2621 )
ULLAGE PRESSURE - PSI OXIDIZER — . FUEL
BASIC STRUCTURE WETTED FWD CTR AFT SKIRT
AREA — FT? ) b y (3930 )
SIDEWALLS SANE AS ABOVE
BULKHEADS
PARTITIONS —
THRUST STRUCTURE 'MAIN ASCENT ENGINE) 3930%*% 228985
BODY VOLUME - CU FT iTOTAL (228902 )
PRIMARY STRUCTURAL MATERIAL 2219-T87  2219-T87  2219-T87 _7075-T73
* REFERENCE CHORD
%% TO CANARD TIP
x%% WING/BODY INTERCEPT € STA. 235
*%%% MOVEABLE SURFACE (JET FLAP) NOT INCLUDED
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TABLE 5-3 DESIGN DATA SUMMARY PAGE 3 OF 8
CONFIGURATION [ CANARD BOOSTER lBY 1 DATE [15 June 197

3. BODY GROUP (CONTINUED)

WETTED VOLUME ULT DES. PRESS.
MISCELLANEOUS AREA-SQ.FT. CU. FT. DIFF. - PSI
CREW COMPARTMENT 295 _400 24.4

EQUIPMENT COMPARTMENT
RADOME ANTENNAS

SPEED BRAKES N/A
DOORS FAIRINGS
TANKS — OXIDIZER
TANKS — FUEL

4, INDUCED ENVIRONMENT PROTECTION

WING CANARD VER.TAIL BODY
TOTAL VEH. WETTED AREA-FTZ _8391 2397 _ 3598 26121  (_40307 )
LEADING EDGE NOSE CAP AREA (310 )(__96 _ )(_223 ) ( 50 ) _679

-SQFT COLUMBIUM &

MATERIAL COLUMBIUM HASTELLOY HASTELLOY _HASTELLOY

MATERIAL

MATER!IAL
SURFACE PROT. AREA. 5Q. FT. (8081 _ y(_ 2301 (3375 ) (_26071 ) _ 39828

MATERIAL . HCF HCF HCF HCF

MATERIAL

MATERIAL -

MATERIAL -

MATERIAL

MATERIAL —

MATERIAL _ .

MATERIAL .

UNPROTECTED AREA-SQ FT { ) ( ) ( ) { ) __NONE
BASE: MATERIAL HCF ( ) 1309
TOTAL VEHICLE VOLUME

_ CU. FT. :OUTER MOLDLINE} 12032 5520 2240 211783 (231575
VOLUME INSIDE PRIMARY :

STRUCTURE - CUFT 10651 5136 1633 207604 (225024 )
TPS VOLUME CU FT 1381 384 607 4179 (__6531 )
LEAD. EDGE NOSE CAP RAD-FT. _0.4725%* 0.6375 0.165%* 2,00
LEAD. EDGE NOSE CAP MAX TEMP °F_2400 1810 2440 1945
LOWER SURFACE MAX TEMP °F 2300  _l1775 155Q¢QB)Y _1975
SIDE SURFACE MAX TEMPCF N/A N/A N/A 1000/ 2880%**

UPPER SURFACE MAX TEMPCF 775 800 2100(IB) _925/2040%*%%

NOTES:
* BASL AREA PLUS INERNAL BOATTAIL (PROJECTED BASE AREA = 1076 S5Q FT)
*% AVERAGL ROOT/TIP
*%% SIDE FUSELAGE BELOW WING
#%%% BOOSTER/ORBITER INTERFERENCE REGION
OB OUTBOARD SURFACE
IB INBOARD SURFACE
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TABLE 5-3 DESIGN DATA SUMMARY PAGE 4 OF 8
coNFIGURATION | CaNaRD BOOSTER [ 8| PATE [5 sune 1971

5. LANDING, RECOVERY, DOCKING
EXTENDED **%

ALIGHTING GEAR  NO.’VEH  DESIGN STRUT STROKE  PRIMARY BRAKE
LOAD -~ LB LGTH-FT FT MATL MATL
MAIN GEAR 2 * 9.45 2,50 STL CARBON
NOSE GEAR 1 * 8.17 3.42 STL CARBON
MAX. DESIGN LANDING WT - LB. = _601000 (EASTERLY MISSTON)
LANDING SPEED — KNOTS - 180

ANGLE OF ATTACK « LANDING ~DEG- _____ 6

LIMIT LANDING SINK SPEED

. FT SEC - LB. LANDING WEIGHT

190 F1ec,__601000 LB. MAX DESIGN LANDING WEIGHT
SEPARATION SYSTEM

DESIGN '’ : SEPARATION — PSF = 23.17 (EASTERLY MISSION)

MAX. AXIAL ACCELERATION = g¢'s = 3.00

MAX. DESIGN SEPARATION - T LB . /46059 (EASTERLY MISSION)

DECELERATION CHUTE

DIAMETER - FT - N/A
NO VEH'CLE - N/A
6. PROPULSION — MA'N ASCENT CHAMB
THRUST=SL THRUST~VAC EXP RAT!O lsp VAC  PRES PSI
ENGINE 550,000 _ 604,000 35 439%% 3000
PROPELLANT SYSTEM FUEL OXIDIZER
ULLAGE PRES. - PS " OPERATING LIMIT)
PROPEL TYPE ; LH, Lo,
ULLAGE VOL — FT 3008 1117 (__ 4125 )
PRESSURANT GH, GO,
TOTAL TANK VOL - FT3 107803 38667 (146470 )
USABLE PROP VOL ~ FT° 100274 37224 (_137498 )
TOTAL LEN OF FEEDLINES - FT _17 169
WET AREA VOLUME
TANKAGE ~ NONINTEGRAL NO. SHAPE SQ FT CU FT
OXIDIZER N/A N/A N/A N/A
OXIDIZER l
OXiDIZER
FUEL
FUEL
FUEL
NOTES:

* SEE BOOSTER TECHNICAL SUMMARY (E0308-1I-3) SECTION 3.1.7.2 (DESIGN LOADS)
*% NOMINAL VALUE, 3 MIN IS 436 SEC
*%% VERTICAL HEIGHT AXLE TO TRUNNION
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TABLE 5-3  DESIGN DATA SUMMARY PAGE 5 OF 8
CONFIGURATION [ CANARD BOOSTER l BY I DATEI
7. PROPULSION — CRUISEBACK
NO. OF ENGINES 100
ENGINE THRUST — S.L. STATIC - LB LCLASSIFIED
SPECIFIC FUEL CONSUMPTION LB. LB - THRUST PER HR
» NOMINAL CRUISE ALTITUDE - FT CLASSIFIED
NOMINAL CRUISE ALTITUDE - FT 18000
NOMINAL CRUISE SPEED — KNOTS 328
CRUISE ALTITUDE ENGINE OUT - FT 14000
CRUISE SPEED, ENGINE OUT = KNOTS
, 50—
CRUISE RANGE (ACTUAL REQ) - NA MI
CRUISE RANGE /MAX AVAIL = NO
HEADWIND, ALL ENGINES UP) _ 640
CRUISE LIFT DRAG RATIO _6.75 (ENGINE OUT W/HEADWINDS)
NO. ENGINES SIZED BY 10K INITIAL ALT & ENG. OUT LANDING ABORT
LIFT COEFFICIENT FOR CRITICAL .28 @ 10K INITIAL ALT
THRUST CONDITION 54 @ ENG OUT LANDING ABORT
TANK VOL TANK  TANK BURST NO. OF
TYPE CUFT MATL PRES-PSI  FACTOR TANKS
FUEL SYSTEM _JP=4 4825 ALUM 3-5 PSIG 2,0 4
PRESSURIZATION SYSTEM AIR
AIR INTAKE - LENGTH~FT.
- DIAMETER-FT —
NACELLE WETTED AREA - EACH-5Q FT _INTEGRAL WITH CANARD
8. PROPULSION — AUXILIARY
THRUSTERS
THRUST :VAC) - LB Igp = SEC ACS QUANTITY REQ
MANEUVER COMBIN
1600 379 STEADY 16, 0 0 (16 )
360 PULSE_ ( )
( )
( )
( )
PROPELLANT SY$ TYPE T ANK TANK TANK BURST  NO.OF
VOLUME MATL PRES.PSI  FACTOR TANKS
FUEL LH, 135 2219-T87 3% 2.0 1
OXIDIZER L0, 20 2219-187 34 2.0
FUEL PRESSURANT GHy _ :
OXIDIZER PRESS. 6o, _
9. PRIME POWER SPECIFIC TOTAL TYPE
POWER POWER
BATTERIES _ 10  WATT-HR LB _360  WATT-HRS _N1-CAD
ENGINE TURBINE(TOTAL) 2.826  HP-HR LB FUEL 1600  HP-HR  H,=0,/IP4=AIR
Hy=0, = 6.0/JP4-AIR = 2.0 _ HP-LB OF ENGINE HP
FUEL CELL N/A..__ WATT-HRS LB FUEL _N/A__ WATT-HRS NA
_N/A___ WATTS'LB OF FUEL CELL _N/A __ WATTS
* AUTOGENOUS SYSTEM
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TABLE 5-3 DESIGN DATA SUMMARY PAGE 6 OF 8
CONFIGURATION [ CANARD BOOSTER [ BY 1 ouel
10. ELECTRICAL POWER CONVERSION 'DISTRIBUTION
SYSTEM VOLTAGE - _ 120 voLTs - DC
PEAK POWER - 41500  wATTS
AVERAGE POWER - 21000 WATTS
11. HYDRAULIC POWER CONVERSION DISTRIBUTION
SYSTEM NOMINAL OPER PRESSURE = _3000 _ ps ’
PEAK POWER - _ 1460  HORSEPOWER
AVERAGE POWER (APPROX) = 150 HO§SEPOWER
TOTAL VOLUME OF FLUID - _ 100 FT o
FLUID TYPE MIL-M-5606 MAX OPER TEMP - F_ 275
12. SURFACE CONTROLS MAX DEFL MAX DESIGN .
AREA RATE DEFL HINGE NO '
SURFACE FT2  DEG SEC DEG MOM. FT.LB VEHICLE
RUDDER/SURF 187 30 +30 200,000 2
I8 ELEVON/SURF 268 30 +30,-40 500,000 2
OB ELEVON/SURF 249 30 +30,-40 500,000 2
JET FLAP/SIDE 103 10 ¥45,-12.5 41,000 2
13. AVIONICS
14. ENVIRONMENTAL CONTROL TOT. STOR STORAGE TANK NO. OF .
VOL-FT PRES. MATL TANKS "
GAS SUPPLY SYSTEM L 1.918 ) i) i
PRIMARY AIR 0.9 -3000 CARBON. EILAMENT 2
EMERGENCY OXYGEN _0.118 _3000 " 1 .
DILUENT
GAS REQUIREMENT AVERAGE RATES
METABOLIC = 2.0 LB MAN-DAY
LEAKAGE = 30 LB /HR
REPRESSURIZE = ——= LB REPRESSURIZE
PRESSURIZED SURFACE AREA - FT~
HEAT TRANSPORT SYSTEM CAPACITY = N/A BTU HR /PEAK)
- 46000 BTU HR (AVE) :
RADIATOR AREA - VA& sqr7N/A  MATERIAL
WATER MANAGEMENT SYSTEM CAPACITY
DRINKING WATER - —_N/A | BMAN-DAY x —— MANDAYS
WASHING - __N/A | B MAN-DAY «x MAN DAYS
COOLING .__NA  |BBTUx _.__.____ BTUs
15. PERSONNEL PROVISIONS
16. RANGE SAFETY AND ABORT S

5-16
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TABLE 5-3 DESIGN DATA SUMMARY PAGE 7 OF 8
CONFIGURATION |  CANARD BOOSTER [y | PATE |15 ;.00 19
17. BALLAST SUBSONIC 72.3 77.7

DESIGN C.G. ENVELOPE FwD -HYPERSONIC 68.9 %L AFT-__74.2 o

NOMINAL C.G. WITHOUT BALLAST - 75.3 %L (SUBSONIC) & 70.5%L (HYPERSONIC)

NOMINAL C.G. WITH _N/A [ BBALLAST -_N/A o

MAX DESIGN LANDING WT-LB 601000 # —63.4 % MAC. C.G.

18. GROWTH UNCERTAINTY

CURRENT ALLOWANCE - _ 42009 g (EASTERLY MISSION)
CONTRACTORS EST OF ALLOWANCE NEEDED TO GUARANTEE
CURRENT PAYLOAD AND GROSS WT LB’
REMAINING GROWTH ALLOWANCE FOR
CUSTOMER CHANGES . LB

" FOR SYSTEM REQUIREMENTS AS DEFINED BY

19. OPEN

20. PERSONNEL
NO. OF CREW - __ 2 . AVEPERCENTILEMAN -_90
NO. OF PERSONNEL __ 9 . AVEPERCENTILE MAN - __N/A

TOTAL

21. CARGO CARGO BAY VOLUME - N/A CUFT
BAYDIA - __ N/A FT
BAY LGTH ____N/A FT

22. ORDNANCE

23. RESIDUAL FLUIDS - DEFINE WEIGHT ESTIMATING RATIONALE
24. OPEN

25. RESERVE FLUIDS

26. INFLIGHT LOSSES
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TABLE 5-3  DESIGN DATA SUMMARY PAGE 8 OF 8
CONFIGURATION J CANARD BOOSTER lsv [ DATE |15 JUNE 1971

(EASTERLY MISSION)
27 - 29 PROPELLANTS EXPENDED

ASCENT CRUISE MANEUVER ATTITUDE
OXIDIZER FUEL RATIO N/A N/A
(BY WEIGHT)
OXIDIZER ULLAGE VOLUME
— PERCENT" 3.0 N/A 5.0
FUEL ULLAGE VOLUME
— PERCENT" 3.0 *% N/A 5.0
OXIDIZER DENSITY - PCF 71.0 N/A N/ 71.0/N/A
FUEL BIAS - % USABLE PROP. - 156
INCREMENTAL VELOCITY - FPS (14991 ) N/A
INERTIAL __10824
ANGLE OF ATTACK v
GRAVITY LOSSES —_3%S
DRAG LOSSES 516
BACK PRESSURE LOSSES 269
FLT. PERFORMANCE
RESERVE o
RANGE ~ NA MI (640 )
GROUND MILES 456
HEAD WIND /ENGINE OUT ALLOW. 186
CONTINGENCY
EQUIVALENT BURN TIME AT
FULL THRUST PROVIDED
FOR LANDING ‘GO-AROUND-MINUTES __5.1

* BASED ON NOMINAL LOADING (INCLUDE EXTRA TANK VOLUME PROVIDED FOR OFF-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT LOSSES.

*% N/A - TANKS ARE OVER SIZED TO FACILITATE C.G. MANAGEMENT
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TABLE 5-4

DESCRIPTION

AING
TAILECANARD
LoDy

TIERMAL PROT
LANDING GEAR
ASCENT PROP
CRUISE PROP
OPIENT SY$5
SURF CONTROL
PRIME PO.IER
ELEC CON/DIS
HYDRAULIC3
AVIONICS
LAUNG:I ESC
ECLS

PERS PROV
BALLAST

PEND CHNGS

GROWT

DRY UT

"PERSONNEL

RESIDUALS
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SENUENCED MASS PROPERTIES SUMMARY

CANARD BOOSTER EASTERLY MISSION

CURRENT
WETGHT
L)

57954,
19214,
148599,
84807,
25885,
123320,
37053.
5306.
11320,
3592,
1818,
7282,
o471,
0.
20458,
288.

0.

.

12000,

575526,

522,

14707,

CENTER OF GRAVITY

X

3164,

1110,
2837-

Y
CINCHD

Zz ROLL

06/10/71

PITCH

PART |
SUMMARY

HOMEHT OF INERTIA

YA

PRODUCT OF INERTIA

ROL-PIT

PIT-YAU

YAU-ROL

(SLUG-FEET S1./71170.)

599. 2618,
n,

75, 2UCh,
N.

35, 985,
0.

hha, 30T,
0.

286, 153,
n.

30, 274,
5.

2la, 235,
1.

544, 8.
"‘30

618, 882,
0,

281, 1.
0.

5")7- 2.
0.

nn, L,
0.

4on, 5.
0.

J. 9,
0.

i35 G
J.

h23 0.
0.

0. 7.
.

0. 0.
9.

Yoo, 91,
2.

o6 11725,
-1,

425, 0.
0.

421, 12?.
_j.

.
LG8,
0.
20749,
0.
145920,
.
3035.
0,
47306,
0.
1196,
0.
Ly7,
0.
L6y,
0.

22.

2909,
16,
G714,
381,
207173,
-1n9,
16806,
1124,
29€0.
-20,
767,
=235,
1372,
203,
453,
-1.
1271,
179,
22.

=~
bt =3
T

Q=000 0~N10O DD

w
n
fog)
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0
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DESCRIPTION

RESERVE

LANDING YT

CRPU RECSR DHP

END OF CRUSE

CRU PRO USED

APU PROP

CRUISE START

INFLT LOSS
ORIENT PROP

PEND CHNGS

JURMN QUT T

ASCENT PROP

75% DURN

ASCENT PROP

50% BURN

ASCENT PROP
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TABLE 5-4 (Cont.)

SENUENCED MASS PROPERTIES SUMMARY

nG/10/71

CANARD DOOSTER EASTERLY MISSION

CURRENT

WETGIHT

(L)

1n2hs,

601000,

34000,

£35000,

87009,

2035,

724035,

20812.
1212.

a.

745059,

759652,

1505709,

2265359,

759650,

CENTER OF GRAVITY

X

3801,

3165.

3845,

3201.

2257,
2023.

3084,

3313.
2023.

Ou

3083,

2111.

1938.

2375,

1764,

Y
CINCHD

0.

0.

5-20

Z

29,

koo,

540,

43y,

4o2.

Lhon.

433.

oo,

516,

400,

411,

0o,

PART |
SUMMARY

HOMENT OF INERTIA

ROLL

PITCH

YA

PRODUCT 0OF INERTIA

ROL-PIT

PIT-YA

YA.-ROL

(SLUG-FEET $0./1000.)

540,
-1,

12459,
-21.

0
0.

12663,
=-22.

13503.
-23.

0.
0.

13531.
-11.

0.
0.

172.
-0,

920014,
3.

0,
0.

95512.
3.

7096,

-0,
0.

117844,
3.

2214,

[efoRoNoRo]
« o o = e

120589,
3.

kg 800.
O.

248154,

36507.
0.

331865.

23125.
0

.

711.
6.

993014,
5690,

0.
0.

102517,
6499.

7588.
882.
0.

0.

12531L,
7331.

2213,
-11.

0.

0.

0.

0.
128055.
7898.

49800,
O.

255534,
10501.

36507.
0.

339216.
11666,

23195,
0

il

C

T
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TABLE 5-4 (Cont.)
SENUENCED MASS PROPERTIES SUMMARY 06/10/71
CANAPD BOOSTER EASTERLY MISSION

DESCRIPTION CURRENT CENTER OF GRAVITY MOMEMNT OF INERTIA
VETGHT X Y Z ROLL PITCH YA
L) CINCHD PRODUCT OF THERTIA

ROL=-PIT PIT-YA! YAI-ROL
(SLUG-FEET 5n,/1000.,)

255 IURN 3025009, 2222. 0. 08, 13546, 4095878, 40821h,
"3- ’4. 12“750

ASCEMNT PROP 7530550, 1605, 0, hon, -0, 17496, 174954,
0. 0. 0.

LAURGCH 9T 3784655, 20908, 0. 406, 13554, W68285, 475613,
3. b, 13123,

5-n
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DETAILED WEIGHT STATEMENT

( DELTA ORBITER )
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30 June 1971

Ltem
Wing Group

Basic Structure

Torque Box
Covering

Skin

Stringers
Spars

L.E. Spar

Aux. Front Spar

Aux. Rear Spar

Front Spar

Mid Spar

Rear Spar
Ribs

Root Rib

Rib 2

Rib 2A

Rib 2B

Rib 3

Rib 3A

Rib 4

Rib 4A

Rib 5

Rib 5A

Rib 5B

Rib 5C

Rib 5D

Rib 6

Inb'd ACS

Outb'd ACS

Carry Thru

Covering
Skin
Stringers

Ribs
BL 0 Rib
BL 28 Rib
BL 55 Rib
BL 85 Rib
BL 119 Rib

Leading Edge
Carbon-Carbon L.E.
Columbium L.E. '
Columbium Strake

DETAIL WEIGHT STATEMENT

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

Weight

[14788]
(6338)
3998
2340
(2428)
408
158
512
672
404
274
(6072)
1952
594
100
150
1408
100
284
218
426
308
136
100
70
60
76
40

[2735]

(1726)
950
776

(1009)
123
210
236
212
228

[5272]
(1636)
( 510)
(3126)

PART |
SUMMARY

Page No.

2.1-15-52

8
9
9
9
9
-96-98
9
9
9
9

2.1-99-100

2.1-103-104

3-95&99-100
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Item Weight Page No.
Secondary Structure
Doors [2286] 2,1-110
MLG Door Provisions ( 518)
Fwd ABES Door Provision ( 884)
Aft ABES Door Provision ( 884)
Control Surfaces
Elevon [3634] 2.1-115
Covering (2066) T 2.,1-116-117
Skin 1496
Stringers 570
Front Spar ( 220) 2.,1-118-119
Ribs ( 742) 2.1-120&121
Intercostals ( 52) 2,1-120
Flipper Doors ( 370) 2.1-119
Hinges ( 184)
Contingency [2872] 2.1-4
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MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Detail Weight Statement
(Tail Group)
Item Weight Page No.
Tail Group
Basic Structure
Torgue Box [2649] 2,2-11
Covering (1238) 2.2-14
Skin 743
Stringers 495
Front Spar ( 266) 2.2-14
Caps 203
Web 63
Mid Spar ' ( 300) 2,2-15
Caps 220
Web 80
Rear Spar ( 229) 2,2-15
Caps 172
Web 57
Ribs (1411) 2.2-16-19
Hinge Ribs (2) 54
Drive Ribs (2) 60
Intermediate (15) 337
Cap Rib (1) 18
Leading Edge [ 731] 2.4-5
Carbon-Carbon ( 422)
Attachment ( 107)
Insulation ( 202)
Control Surfaces
Rudder [1260] 2.2-20
Covering (885) 2.2-22
Skin 522
Stringers 351
Close-out 12
Front Spar ( 87) 2,2-22
Caps 35
Web 52
Ribs (192)
Intermediate (13) 109 2.2-22-24
Drive (2) 42
Hinge (2) 16
Cap (2) 25
Hinge Fittings ( 96) 2,2-20
Contingency [464]) 2.2-3 KZEi}
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
\'/ DETAIL WEIGHT STATEMENT
BODY GROUP
Item Weight Page No.
Body Group
Integral Tankage [20648]
Fuel Tank ( 9734)
Sidewall 8864 2.3-21-25
Baffles 282 2.3-38
Aft Bkhd 588 2,.3-35
Oxidizer Tank ( 6042)
Sidewall 5670 2,3-26-32
Baffles 224 2,3-38
Fwd Bkhd 144 2,.3-36
Common Bulkhead ( 2876) 2.3-37
Insulation - ( 1996 2,3-39
Basic Structure [21824]
Fwd Section ( 5292)
Sidewall 1928 2.3-45-50
Bulkhead 2664 2,3-51-59
Longerons 700 2.3-40-44
Center Section ( 9548)
Sidewall 2566 2,3-45-50
Bulkheads 5928 2,.3-51-74
Longerons 1054 2.3-40-44
Skirt Section ( 6984)
Sidewall 2105 2.3-96 &102-104
Frames 3609 2.3-75-85&97-101
Thrust Post 1270 2,.3-105-114
Secondary Structure [ 7982]
Doors ( 3318) 2,3-122-131
Payload Door 1819
Payload Door Mech. 1051
LH, OMS Tank Access 448
Crew Compartment ( 1799) 2,3-115-120
Crew Cab 548
Airlock 625
Windshield 385
Hatches ’ 241
Equipment Compartment ( 631) 2.3-121
Fwd Cpt 507
Aft Cpt 124
Speed Brake ( 534) 2,3-132
Structural Prov. ( 330)
Nose Gear_ Prov. 330 2.3-136
o Interstage ( 1370) 2,3-133-135
N Contingency [ 5046] 2.3-4

A-5
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

Weight-1bs Page

Induced Ervirorment Protection 32847 2.4-5

Therral Protection (29861 ]
Leading Edpe/llose Cap (350)
Wing L.E & Strake 5272%
Body Flep L.E. N/A
| Vertical Tzil L.E. T31%
; Body-Nose Cap 350
|
i Surface Protection (27625)
| Wing 8330
Columbium 2211
Hastelloy X 3713
Insulation & Bezgging 2Lob
i Horizontel Tail/Body Flap ' 752
Hastelloy 518
Insulation % Bagging 23k
Body 18543
Columbium Lsks
Hastelloy X 3809
, Rene 41 1244
i Inconel 718 1007
i Titanium 10L46
5 Insulation % Bagging £8v2
_Base Heat Protection (1885)
Base Heat Protection 1100
Main Engine Heat Protection 786
) Contingency [ 2985

¥ Jinpg and Tail Leading Edge weights are shown here for reference only.
They are included in the wing and tail group respectively.

Lgih
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Weight-1bs Pege
Londing, Recovery, Docking
Alighting Gear (7600) 2.5-2
Main Right Hand 3312
Main Left Hand 3312
Nose 976
Docking ( h00) 2.5-11
Auxiliary System (1763) 2.5-18
Deceleration Chutes 258 2.5-18
Interstage Attach 627 2.5-23
Payload Handling 505 2.5-30
Tunnel 373 2.5-35
Contingency (788) 2.5-36
Alighting Gear 380
Docking 40
Deceleration Chutes 13
Interstege Attach 176
Payload Handling 142
Tunnel 37



MDC E0377
30 June 1971

Propulsion - Main Ascent

Engine & Accessories
Engine
Gimbal System
Ignition and Control System
Propellant Utilization System

Propellant System

Fuel
Fill/Drain
Pressurizaticn/Vent
Recirculation
Pre~Valves
Feed System
Vortex, Flow Control Sys

Oxidizer
Fill/Drain
Pressurization/Vent
Recirculation
Pre~Valves
Feed System
Vortex Flow Control System

Contingency

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

26637 | Lb

[19422]
17620
709
833
260

[62006]

(2574)
170
1242
93
334
512
223

(3632)
120
616
90
528
2059
219

[1009]

PART |
SUMMARY

2359 No.
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30 June 1971 DETAIL MASS PROPERTIES REPORT
.
\—
Propulsion -.Cruise Back 574
Engine & Accessories (11282)*
Engine 10660
Ignition and Control 30
Lubrication System (Dry) 95
Accessories 497
Installation, Ducts, Shroud ( 2962)%*
Air Induction 62
Engine Mounting 439
Nacelles/Pylons 1567
Deployment Provisions 894
Propellant System ( 338)
Fill/Drain 57
Pressurization (Dry) 13
Vent System 10
Feed System 163
Transfer System 47
Supports/Installation 48
Tankage ( 175)
Tanks 79
Insulation 44
Supports 52
Contingency ( 516)
Increment for Resupply 455%
Easterly and Polar 61
*Not included in Easterly or Polar Missions.
L :
AN

PART |
SUMMARY

Pagc No.

©2.7-3

2.7-4

2,7-2
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30 Jure 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Propulsion - Auxiliary 11877
Page No.
Attitude Control [9957]
Thruster Installation (1291} 2.8-3
Thruster 1038
Accessory 253
Propellant System (3664)
Fill/Drain 423 2.8-4
Pressurization 444 2.8-5
Vent 150 2.8-6
Feed System 892 2.8-7
Accumulators 1062 2.8-9
Conditioning Equipment 693 2.8-9
Tankage (3935) 2.8-10
Tanks 1749
Insulation 1648
Supports 538
Contingency (1067) 2.8-2
Maneuver [1920]
Thruster Installation { 667) 2.8-3
Thruster 607
Accessory 60
Propellant Systen (1112)
" Feed System 1112 2.8-8
Contingency ( 141) 2.8-2
A-10

4
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MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
N
Prime Power - 2272
Page No.
Engine/Turbine [925] 2.9-8
Turbine Power Unit (368) 2.9-8
Temp. Control System (264) 2,9-8
Controls ( 48) 2.9-8
Mtg/Installation (245) 2.9-8
Turbine/H.X. Mounts 120 2,9-8
APU Vent Line 125 2.9-10
Fuel Cell [1051) 2.9-9
Power Unit (980) 2,9-9
Mounting Structure ( 36) 2.9-9
Temp. Control ( 24) 2.9-9
Controls ( 11) 2.,9-9
Contingency [296] 2,9-3
Electrical 1303
Equipment
Supply [ 90] 2.10-7
Control Units [511)] 2,10-8
Power Distribution Units (226) 2.10-8
Main Power Control Units (216) 2,10-8
' QC C9ntrollers ( 69) 2,10-8
Dlstrlb?tlon & Control Circuitry [435] 2.10-9
Primary Feeders ‘ (342) 2.10-10
Secondary Feeders ( 93) 2.10-9
Utility Systems (Landing Lights) [ 30] 2.10-8
Supports/Installation [ 24] 2,10-8
Contingency [213] 2.10-3
K\_//
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E0377
A3AODJCune 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
&
Hydraulic 2760
) Page No.

Power Supply [552] 2.11-10
Main Pump (320) : 2.11-10
Reservoir (232) 2,11-13

Distribution Control Ctr. [704] 2.11-10
Pump Manifold (189) 2.11-10
Valves and Controls (217) 2,11-10
Circuitry ( 96) 2.11-10
Plumbing (208) 2.11-18

Temperature Control System [284] 2.11-10
Cryo H, H.X. (240) 2,11-19
Valves and Controls (12) 2,11-19
Plumbing & Misc. ( 32) 2.11-19

Auxiliary Systems [ 88] i 2,11-10
Secondary Elec. Pump ( 80)

Circuitry ( 8)

Supports/Installation [420] 2.11-10
Local Mounting : ( 82) 2.11-27
Equip. Bay Structure (338) 2,11-27

Contingency .o [712] 2.11-3
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Surface Controls

Elevon Controls
Circuitry
Linkage
Elevon Power Xmission
Pressure Lines
Return Lines
Elevon Actuator
Elevon Secondary Actuator
Elevon Supts Install
Actuator Supt
Secondary Act Mtg.
Rudder Controls
Circuitry
Linkage
Rudder Power Xmission
Pressure Lines
Return Lines
Rudder Actuator
Rudder Secondary Act.
Rudder Supts Install
Actuator Supt
Secondary Act. Mtg.
Speed Brake Controls
Circuitry
Linkage
Speed Brake Power Xmission
Pressure Lines
Return Lines
Speed Brake Actuator
Speed Brake Secondary Act.
Speed Brake Supts Install
Actuator Supt
Secondary Act. Mtg,
Contingency

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

(138 ]
( 35)
(103 )
[ 97]
( 65)
( 32)
[2068 ]
[ 521
[227 ]
(220)
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PART |
SUMMARY

Page No.

2.12-7
2.12-12
2.12-13
2.12-7
2.11-18
2.11-18
2,12-7
2.12-7
2,12-7
2.12-13
2.12-13
2.12-7
2.12-12
2.12-13
2.12-7
2.11-18
2.11-18
2.12-7
2.12-7
2.12-7
2.12-13
2.12-13
2.12-8
2.12-12
2.12-13
2.12-8
2.11-18
2.11-18
2.12-8
2.12-8
2.12-8
2.12-13
2.12-13
2,12-5
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Avionics 4588 1b %
Page No.
Guidance and Navigation [516] 2.13-8
Inertial Measurement Unit (140)
Star Tracker (120)
Horizon Sensor ( 32)
Circuitry ( 62)
Navigation Base ( 80)
Local Mounting Structure ( 19)
Equipment Bay Structure (63)
Flight Control System [327] 2,13-11
Thruster El.ctronics ( 68)
Actuator Electronics (114)
Rate Gyrc Package ( 16)
Total Temp & Press Sensor ( 10)
Accelerometer ( 6)
Static Press Sensor ( 10)
Circuitry ( 44)
Local Mounting Structure ( 14)
Equipment Bay Structure ( 45)
Data Management [1202] 2,13-11
Central Computer (340)
System Control Unit « 7
Mass Memory ( 32)
Area DIU's (139)
Crew Station DIU's (137)
IMU DIU's ( 20)
Maint¢..ance Recorder (100)
Input/Output Control Unit ( 24)
Data Bus ( 27)
Circuitry (238)
Local Mounting Structure { 32)
Equipment Bay Structure (106)
Communications & Navaids [929] 2.13-13
S-band Equipment _ (102)
Audio Control Center ( 36)
Remote Intercom ¢ 7)
UHF Transceiver ( 24)
UHF Antenna ( 26)
UHF Ant Window & Instl. ( 30) 2,13-29
S-band Antenna ¢ 9
DME Receiver ( 90)
DME Antenna ¢ &
DME Ant Window & Instl. ( 50) 2,13-30
Glide Slope Receiver ( 12)
Glide Slope Antenna ( 6)
CS Ant Window & Instl. ( 32) 2,13-30
VOR/l.ocalizer Receiver ( 60)
VOR/LOC Antenna ( 32)

A-14
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Avionics - Cont.

Communications & Navaids Cont,

VOR/LOC Ant Window & Instl.
Radio Altimeter

Radio Alt. Antenna

Radio Alt. Ant, Window & Instl.
Circuitry

Local Mounting Structure
Equipment Bay Structure

Displays and Controls

Center Front Panel
Command Pilot Panel
Pilot Panel

Command Pilot Obd Panel
Pilot Obd Panel
Center Console Panel
Floor Area

Overhead Panels
Docking Station
Window Frame Mount
Local Mounting Struct.
Cockpit Panels
Circuitry

Contingencz

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

( 66)
( 63)
( 6)
(71)
(117)
( 20)
( 66)

[1015]
(107)
(131)
(128)
(29)
( 21)
(145,

- (. 90)

( 30)
(13)
¢ 6
( 29)
( 95)
(191)

[599]

Page No.

2.13-31

2.,13-31

2.13-16
2.13-17
2.13-18
2.13-20
2,13-21
2,13-22
2,13-23
2.13-24
2.13-24
2.13-24
2.13-24
2,13-24
2.13-24

2 [ 13—3

PART |
SUMMARY
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Environmental Control 7849
Weight Coded
Elsewhere Page ¥Wo.
Atmospheric Gas Storage and Supply [166]
Oxygen-Primary (60) N/A 2.14-35
Oxygen-Secondary 17) N/A 2.14-35
Dilutant Gas (Nitrogen) (81) N/A 2.14-35
Tankage
0, - Primary OAMS N/A
O2 - Secondary ( 21) 2,14-13
Dilutant - N2 (100) 2.14-12
02 Delivery Equipment ( 10) 2.14-13
N2 Delivery Equipment ( 8) 2,14-12
Mounting and Supports - 02 ( 8) 2.14-13
Mounting and Supports - N2 (¢ 19) 2.14-12
Gas Management/Processing [685]
Cabin Gas Control System ( 99) 2.14-15
C02/0dor Removal
Lithium Hydroxide Cartridges ( 70) 2.14-17
Cannisters ( 51) 2.14-17
Activated Charcozl In Cartridge N/A
Fans ( 76) 2.14-17
Humidity Control
Condensing H-X ( 31) 2.,14-17
Window Defog H-X ( 53) 2.14-17
Water Separators [1](13) N/A
Cabin Temperature Control
H-X ( 50) 2,14-17
Fans [2]1(76) N/A _
Controls ( 10) 2.14-17
Cabin Ventilation
Fans [2](76) N/A
Ducting ) (203) 2.14-17

[1] See heat transport,
[2] Sec COZ/Odor Removal.,
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Environmental Control - Cont.
) Weight Coded
Elsewhere Page No.
Gas Management/Processing - Cont.
Atmosphere Pressure &
Composition Control
Insulation See Insulation N/A
Mounting & Supports, Etc, ( 42) 2,14~-17
Heat Transport Subsystem [2009]
Cabin Circuit Coldplates (Dry) ( 41) 2,14-20
Cabin Circuit Plumbing (Dry) ( 6) 2.14-20
Cabin Circuit Reservoir (Dry) ( 5 2.14-20
Cabin Circuit Pump Package (Dry) ( 30) 2.14-20
Condensate Water Subsys. (Dry) ( 13) 2.14-20
Cabin Circuit Fluid (96) N/A 2.14-42
Interface H-X ( 93) 2.14~20
Equipment Circuit Coldplates(Dry) (139) 2,14=-24
Temp. Control Panels (Dry) ( 98) 2,14-24
Equipment Circuit Plumbing (Dry) ( 65) 2.14-25
Equipment Circuit Pump Package{Dry) ( 59) 2.14-24
; Equipment Circuit Reservoir(Dry) ( 24) 2.14-24
Equipment Circuit Fluid (435) N/A
) Radiator (Dry)
i Panels (757) 2.14-49
’ Controls/Mechanisms (440) 2,14-49
Ground Cooling H-X ( 9 2.14-24
Hydrogen Boiler/H-X ( 96) 2.14-25
Water Boiler/Sublimator N/A
i Insulation See Insulation N/A
1 Valves and Controls ( 55) 2.14-20824
. Mounting and Supports, Etc. (¢ 79) 2,14-216&25
’ Water Management [345]
B Water ( 40) N/A
7 Tankage (Accumulators) (77) 2,14-27
- Pressurant System N/A
N Plumbing/Controls ( 37) 2.14-27
2 Insulation See Insulation N/A
i Mounting and Supports, Etc. ( 22) 2.14-27
Waste Management Sys, (192) 2..4-29
] Mounting and Supports, Etc. (17) 2.14-29
N

j] A-17
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Environmental Control - Cont.

Weight Coded

Elsewhere Page No.
Purge System & Fire Extinguish {1119]
Purge Liner ( 677) 2.14-32
Supply & Discharge Headers ( 426) 2.14-32
Fire Extinguishers ( 16) 2,14-29
Insulation [2877] 2.14-33
Cabin/Airlock ( 286)
Pwr/Cool, Transfer Tunnel ( 855)
N.L.G. Bay ( 53)
M.L.G. Bays ( 519)
Actuators
Elevons ( 163)
Rudder ( 63)
Speedbrakes ( 10)
Fwd Equip Bay ( 270)
Aft Equip Bay ( 25)
N.L.G. Equip Bay ( 182)
Hydraulics Bay ( 36)
Cruise Engines ( 415)
Contingency [ 648] 2.14-7

A-18
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Personnel Provisions

Crew Seats (2 - Command Pilot & Pilot)

Seats
Safety Belt
Harness Reel

Fixed Life Support Equipment
Food & Utensil Stowage
Water Storage Tank
Galley Equipment

Oven

Freezer
Water Heater
Water Cooler

Emergency Equipment

Furnishings
Privacy Curta’n

Partitions - Non-structural
Equipment Stowage Provisions
Lockers
Pressure Suit Stowage
Equipment Cabinets

éontiqggncy (5%)

Growth/Uncertainty

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

27

A-19

430 Lb
[159]
(153)
( 4)
¢ 2)
[130]
( 40)
( 20)
( 70)

10

50

5

5
[ 30]
[ 91]
(¢ 3)
(12)
( 76)

17

32
[ 20]

PART |
SUMMARY

Page No.
2,152

2,158
2,15-8

2,152

2.1549

2.15«9
2,158
2.1548

2,18-2
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Eérsonnel 626 Lb
Crew [433]
Crew Members (2) (392)
Constant Wear Garmets (2) ¢ 2)
Headsets (2) (
Helmets (2) ( 12)
Pressure Suits (2) ( 26)
Personal Gear [ 53]
Personal LEquipment (12)
Protective Garmets ( 25)
Hygenic Equipment ( 16)
Life Support [115]
Food & Packaging { 59)
Recreation Equipment ( 3
Medical and First Aid ( 8)
Survival Kit ( 45)
Accessories [ 25}
Cargo 165000 1b

Residual Fluids 4001 |Lb.
Ascent Propulsion 737
Cruise Propulsion 0
Auxiliary Propulsion 1430
ECS 621
Hydraulic 1087
Misc. 126
Reserve Fluids 13118
Ascent Propulsion 6486
Cruise Propulsion 0
Mancuver 4720
Attitude Control 1662
ECS 102
148

Hydraulic

PART |
SUMMARY

Page No.

2.2042
2,20&2
2,20s2
2,202
2,202

2,20+3
2,203
2.2043
2.20¢3

2,204
2.20+4
2,204
2,20+4
2.20+4

2,20~4

2,21-2
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‘Inflight Losses 9788
Page No.

Ascent Propulsion 6467 2.26-1
Auxiliary Propulsion 1552 2,26-1
ECS 324 2.26-1
EPS 640 2.26-1
Hydrauljc 805 2,26-1
Ascent Propellant 526257

Main Ascent Propellant (526257) 2,27-1
Hydrogen 75180 3,3-1
Oxygen 451077 3.3~1

Cruise Probe]lant ] O,

Fuel for Approach and Landing 1140%* 2.28-1

*Not included in Easterly or Polar Missions.

Auxiliary Propellant 17510

Maneuver Propellant (15847) 3.3-1
Hydrogen 2780 2,29-1
Oxygen 13067 2.29-1

Attitude Control ( 1663) 3.3-1
Hydrogen 367 2,29-1
Oxygen 1296 2.29-1



2
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DETAILED WEIGHT STATEMENT

( CANARD BOOSTER )
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WING GROUP [ 5795 ]

WEIGHT (LB) PAGE NO.
CARRY THROUGH [15k1k] 2.1-16
TORQUE BOX (1541k)
COVERS - UPPER 6400
- LOWER s5kso
FRONT SPAR 792
AFT SPAR 298
RIBS 1740
ATTACH, SPLICES, JOINTS T34
1/2 WING FULL WING
EXPOSED WING [21270] [Losko]
LEADING EDGE (4700) (9400) 2.1-2h
NOSE 1135 2270
COVERS 191k 3828
SPAR 377 T54
RIBS 278 556
FORMERS 6Lk 1288
ATTACH, SPLICE, JOINTS 352 TOk
TORQUE BOX (13410) (26820) 2.1-56
COVERS
SKIN LEsk 9308
STRINGERS 4253 8506
FRONT SPAR 712 1k2k
AFT SPAR 117 1L3k
RIBS 1157 231k
FORMERS 966 1932
WING-BODY ATTACH 160 320
FITTINGS 54 108
ATTACH, SPLICE, JOINT 737 14T

J
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30 June 1971

WEIGHT (LB)
1/2 WING FULL WING
TRAILING EDGE (Lbs) (890)
GAP COVER 148 296
OUTB'D PALEL 97 19k
HINGE FIGS 160 320
ATTACH, SPLICES Lo 80
INBOARD ELEVON (1374) (2748)
COVERS 452 90k
RIBS 168 336
SPARS 258 516
FORMERS 92 184
END PANELS 48 96
FITTINGS 127 254
AEROSEAL 50 100
ATTACH, JOINTS 179 358
OUTBOARD ELEVON (1341) (2682)
COVERS Lko 880
RIES 170 340
SPARS 265 530
FORMERS 92 184
END PAKELS L8 96
FITTINGS 128 256
AEROSEAL L6 92
ATTACH, JOILT, SPLICES 181 362

DETAIL MASS PROPERTIES REPORT

PART |
SUMMARY

PAGE NO.

2.1-129

2.1-133

2.1-1k7



Space Shuttle Program — Phase B Final Report PART I

MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TAIL GROUP 1921k
WEIGHT (LB)
PER BOOSTER PAGE XO.
DORSAL FIN [2,852) [5,704] 2.2-8
LEADTNG EDGE (L81) b2,2-14
NOSE 231
COVERS 133
SPAR 38
RIBS 21
FORMERS 20
ATTACH, JOINTS 38
TORQUE BOX (1,126) - 2.2-17
COVERS 493
SPARS 136
RIBS 135
FORMERS 34
WING ATTACH PROV. 178
FITTINGS 30
ATTACH, SPLICE, JOINT 120
TRAILING EDGE (SUPT/MECH) (213) | 2.2-29
GAP COVER 60
LOWER PANEL 54
FITTINGS 80
ATTACH, SPLICES, JOINTS 19
RUDDER (STR) (1,032) 2.2-30
COVERS 305
RIBS 226
FORMERS 82
SPARS 105
T.E. MEMBER .81
FITTINGS _ 95
ATTACH, JOINTS, SPLICES 138



MDC E0377 Space Shuttle Program — Phase B Final Report PART |

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
N TAIL GROUP (CONT'D)
WEIGHT (LB)
PER BOOSTER  PAGE NO.
VENTRAL FIN (2,865 [5,730) 2.2-35
LEADING EDGE (577) 2.2-36
NOSE 308
COVER 150
RIBS 3k
FORMERS 15
SPAR L5
ATTACH, JOINTS, SPLICE 25
TORQUE BOX (1,655) 2.2-47
COVERS 950
SPARS 195
RIBS 143
FORMERS 48
WING ATTACH PROVISIONS 169 )
ATTACH, SPLICES, JOINTS - 150
TRAILING EDGE (633) 2,2-58
COVERS 396
SPAR T3
RIBS 63
FORMERS k1
ATTACH, SPLICE, JOINT 60
CANARD [7,780] 2.2-66
TORQUE BOX (3,94k) :
COVERING (UPPER) (701) 2.2-8L
SKIN 332
STRINGERS 322
SPLICES, ATTACHMENTS (JSF) I
FORWARD SPAR (716)
SHEAR WEB 117
WEB STIFFENERS 253
CAPS 298
A% SPLICES, ATTACHMENTS (JSF) L8



MDC E0377 Space Shuttle Program — Phase B Final Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

TAIL GROUP (CONT'D)

WEIGHT (LB)
PER BOOSTER PAGE JiO.

AFT SPAR (609)

SETAR WEB 113

WEB STIFFEXN)RS 215

CAPS 235

SPLICES ATTACHMENTS (JSF) L6
RIBS (12) (1,067)

SHEAR WEB 581

WEB STIFFENERS (INTEGRAL) 338

CAPS (INTEGRAL) 67

FILLETS, BOSSES, ATTACHMENTS 81
REMOVABLE PANELS (LOWER) (10) (568)

STRUCTURE 278

MECHANISM 290
TIPS (211) -
BODY ATTACHMENT (12)

UPPER SKIN 5

FORWARD SPAR CAPS L3

AFT SPAR CAPS ol

LEADING EDGE (1,850) 2.2-97

FORWARD EDGE (HOT) (k23)

COVER 2Th

BEAMS 56

INSULATION 8

SFAL 30

SPLICES, ATTACHMENTS 55
COVERS (357)

SKIN 195

STRINGERS 87

STIFFENERS 11

SPLICES, ATTACHMENTS 6l



N

MDC E0377 Space Shuttle Program — Phase B Finalr Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TAIL GROUP (CONT'D)
WEIGHT (LB)
PER BOOSTER  PAGE NO.
SPAR (168) |
WEB 39 }
STIFFENERS 10
CAPS 89
SPLICES, ATTACHMENTS 30
RIBS (130)
FORMERS (107)
INLET LIP (MOVABLE)* (665)
FORWARD EDGE (HOT) 254
COVERS 136
SPARS 125
RIBS T1
RAMPS (ENGINE AIR DUCTS) 25
SPLICES, ATTACHMENTS Sk -
 TRAILING EDGE (380) 2.2-101
COVERS (165)
SKIN 95
STRINGERS 19
SPLICES, ATTACHMENTS 51
RIBS (154)
FORMERS (61)
JET FLAPS (STRUCT) - 10 (1,1k49) 2,2-107
COVERS (647)
SKIN 22k
CORRUGATION 299
SPLICES, ATTACHMENTS 124
SPAR (135)
WEB 55
CAPS 54
SPLICES, ATTACHMENTS 26

*EXCLUDES HINGE & CONTROL FTGS. WHICH ARE IN ENG. AIR INDUCTION.



Hil

Space Shuttle Program — Phase B Final Report

MDC E0377 PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TAIL GROUP (CONT'D)
WEIGHT (LB)
PER BOOSTE PAGE_NO.
TRAILING EDGE MEMBER 2k
RIBS 287
FLAP INTERCONNECTION (FLEX. SKIN) 56
JET PLAP SUPPORTS (ksT) 2.2-112
HINGE FITTINGS (170)
CONTROL FITTING (287)



Space Shuttie Program — Phase B Final Report PART |

MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
ITEM o
BODY GROUP __Eﬁéigg] ;
. WEIGHT-LB. PAGE XO. '
INTEGRAL TANKAGE 102,261 ;
FUEL TANK (LH2) . [61,662] 2.3-10
FWD BULKHEAD - (2,631)
~ SHELL 1,343
RESTRAINING RING 970
WELD LAND 229
ACCESS DOOR 89
SIDEWALL (51,053)
ISOGRID SIDEWALL V7,757
WELD LAND 3,050
WING ATTACH BEEF-UP AN
ORBITER ATTACH BEEF-UP 202
AFT BULKHEAD (3,223)
SHELL 1,383 )
RESTRAINING RING 1,096
WELD LAND 218
SUMP 526
CONTINGENCY - 5% (2,8k5)
BAFFLES (1,910)
OXIDIZER TANK (LOX) [19,769] 2.3-39
FWD BULKHEAD (300)
SHELL 124
RESTRAINING RING 105
. WELD LAND 30
ACCESS DOOR k1
SIDEWALL (9,992)
ISOGRID SIDEWALL © . 9,191
WELD LAND : _ 801
\_



2] 1 I I+

MDC E0377 Space Shuttle Program — Phase B Final Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

BODY GROUP (CONT'D)

WEIGHT-LB. PAGE NO.
AFT BULKHEAD (4,107)
SHELL 2,003
RESTRAINING RING 1,512
WELD LAND 257
SUMP 335
CONTINGENCY - 5% (720)
BAFFLES (4,650)

BETWEEN TANKS (INTERTANK) [16,717] 2.3-60
FWD FRAME (2,486)
VERTICAL DIAGONALS 895
CANTED DIAGONALS 8L8
INNER CAP 577
DIAGONAL ENDS - OUTER 113
DIAGONAL ENDS - INNER 53
AFT FRAME (1,L423)
VERTICAL DIAGONALS Lhs
CANTED DIAGONALS 439
INNER CAP 373
DIAGONAL ENDS - OUTER 113
DIAGONAL ENDS - INNER 53
BOLTED JOINTS (1,582)
CIRCUMFERENTIAL JOINTS 1,392
LONGITUDIFAL JOINTS 190
SIDEWALL (10,626)
ISOGRID SIDEWALL 10,2k0
ORBITER ATTACH BEEF-UP 386
CONTINGENCY - L% (600)

INSULATION - FUEL TANK [k,113] 2.3-84
FUEL TANX INTERNAL INSULATION (L,113)
LINER 971
FOAM 1,785
BOND 1,357



MDC E0377 Space Shuttle Program — Phase B Final Report PART |

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
NS
BODY GROUP. (CONT'D)
WEIGHT-LB. PAGE NO.
BASIC STRUCTURE 38,764
NOSE SECTION SHELL [967) 2.3-85
THRUST STRUCTURE [37,797] 2.3-87 & 88
SIDEWALL - STA 3553 - STA 3600 (2,148)
ISOGRID SIDEWALL 1,733
JOINT PENALTY - CIRCUMFERENTIAL 399
JOINT PENALTY - LONGITUDINAL 16
SIDEWALL - STA 3604 - STA 3710 (L,24L)
ISOGRID SIDEWALL 3,820
JOINT PENALTY - CIRCUMFERENTIAL 382
JOINT PENALTY - LONGITUDINAL 42
SIDEWALL - STA 371k - STA 3788 (2,891)
ISOGRID SIDEWALL 2,596
JOINT PENALTY - CIRCUMFERENTIAL 266
JOINT PENALTY - LONGITUDINAL 29
FRAME - STA 3600 (2,686)
CAP 1,816
WEB TTh
BRACES 96
FRAME - STA 3710 (3,722)
CAP 2,k10
WEB 1,250
BRACES 62
FRAME - STA 3792 (4,560)
CAP 2,057
WEB 1,538
BRACES 65
INBOARD BEAMS AND WEB (8,660)
BEAMS 3,6L43)
CENTER WEB 3,040
_ VERTICAL - OUTBOARD WEB 1,977
-



MDC E0377 Space Shuttie Program — Phase B Final Report PART I
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

BODY GROUP (CONT'D)

(

L

WEIGHT-LB. PAGE XO.
LAUNCH LOAD FITTINGS (3,000)
UPPER LAUNCH FITTINGS 1,580
LOWER LAUNCH FITTINGS €92
LOAD DISTRIBUTION LONGERONS 728
STIFFENERS AND FITTINGS ‘ (2,5LL)
~ ACTUATOR LOAD STIFFENERS 613
ENGINE LOAD STIFFENERS 922
ENGINE MOUNTING FITTINGS 835
ACTUATOR ATTACH FITTINGS 1hk9
HFAT SEIELD ATTACH FITTINGS 25
BOAT TAIL (4,358)
SUPPORT TRUSS 851
EXTERIOR ISOGRID PANELS 2,999
TRUSS SUPPORT STRUTS 160
TRUSS SUPPORT EEAMS 2hL8
BASE HEAT STANL--OFF FITTINGS 100 )
REDESIGN OF AFT SKIRT & THRUST STRUC.(-1,016)
SECONDARY STRUCTURE 7,57k
CREW_CCMPARTMENT (1,920] 2.3-159
FLOOR (429)
UPPER PANEL (ISOGRID) 167
LOWER PANEL (ISOGRID) 102
CORE (TRUSS) 10L
SIDEWALL ATTACH ANGLES - 35
MISCELLANEOUS & ATTACH PARTS 21
AFT PRESSURE BULKHEAD (L00)
FWD PANEL (ISCGRID) 130
APT PANEL (ISOGRID) 100
CORE (TRUSS) ' 73
SIDEWALL & FLOOR ATTACH ANGLES 31
ACCESS DOOR _ L
MISCELLANEOUS & ATTACH PARTS 19



- Final Report
MDC E0377 Space Shuttle Program — Phase B Final Rep

30 June 1971 | DETAIL MASS PROPERTIES REPORT
—~ BODY GROUP (CONT'D)

WEIGHT-LB

FWD PRESSURE BULKHEAD (85)

ISOGRID PANEL 68

SIDEWALL & FLOOR ATTACH ANGLES 13

MISCELLANEOUS & ATTACH PARTS 4

LONGITUDINAL F.ESSURE PANELS (78)

STIFFENED PANEL - LEFT HALF 19

STIFFENED PANEL - RIGHT HALF 3k

SIDEWALL FORMERS 9

ATTACH ANGLES (STA 1069 & 1169) 2

SIDEWALL & FLOOR ATTACH ANGLES 10

MISCELLANEOUS & ATTACH PARTS L

CREW DOOR & JAMB (176)

COCKPIT ENCLOSURE ' (752)

WINDSHIELD INSTALLATION 450

WINDSHIELD THERMAL PROTECTION 302
DOORS - LANDING GEAR [1,302]
NOSE GEAR DOOR (355)

DOOR 273

JAMB 72

MISCELLANEOUS & ATTACH PARTS 10
MAIN GEAR DOORS (9hT)

DOORS & JAMB 781

OPERATING MECHANISM 92

ACTUATION L6

LOCK MECHANISM 25
GEAR/WING PROVISIONS [L4,352]

NOSE GEAR WELL (875)

SIDE PANELS 537

COVER 192

TRUSS 3

WEB IN FRAMES 61

" MISCELLANEOUS & ATTACK PARTS 56
T CONTINGENCY - 3% 26

PAGE NO.

2.3-172

PART |
SUMMARY



MDC E0377 Space Shuttle Program — Phase B Final Report
30 June 1971 DETAIL MASS PROPERTIES REPORT

BODY GROUP (CONT'D)

WEIGHT-LB

MAIN GEAR PICKUP : (5,084)
TRUSS - UPPER HALF - STA 3635 761
TRUSS - LOWER HALF - STA 3635 5L8
CENTER TRUSS - STA 3660 438
LOAD PICKUP FITTING - STA 3660 80

" TRUSS - UPPER HALF - STA 3685 798
TRUSS -~ LOWER HALF - STA 3685 636
INTERCOSTALS Lo8
TRUSS TORQUE BOX PANELS 896
PANEL SUPPORT ANGLES 37
MISCELLANEOUS & ATTACH PARTS Lé2
MAIN GEAR ENCLOSURE (647)
ERCLOSURE PANELS 310
PANEL SUPPCRT ANGLES 157
PANEL STIFFENERS i 107
DOOR PENALTY 14
MISCELLANEOUS & ATTACH PARTS 59
REDESIGN OF MAIN GEAR PICKUP (-3,377)
CANARD ATTACH (578)
TRUSS - STA 1953 115
TRUSS - STA 2093 289
TRUSS BRACES 103
SHEAR PANEL Sk
MISCELLANEOUS ATTACH PARTS 17
WIND LEADING EDGE ATTACH (545)
"L" FINGER SECTIONS 1L0
"2" FINGER SECTIONS Th
STRUTS ' T2
FITTING - INNER HALF 30
FITTING - OUTER EALF T0
ATTACH PARTS ' 40
SPECIAL FINGER ATTACH PLUGS 99
MISCELLANEOUS 20

PART !
SUMMARY

PAGE NO.
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DETAIL MASS PROPERTIES REPORT

INDUCED ENVIRONMENT PROTECTION

SUPT.ITEMS RAILS PANELS
WING
STRUCTURE 3073 522 3739
HCF
COATING
BOKD
FIN
STRUCTURE 1356 220 1368
HCF
COATING
BOND
CANARD -
STRUCTURE 876 148 896
HCF
COATING
BOND
BODY
STRUCTURE 9896 2L 86 8819
HCF
COATING
BOND
BASE HEAT PROTECTION
BASE HEAT PANELS STA 3862
NOZZLE MOUKTED DISKS
INTERIOR PANELS
SIDE PANELS
CORNER PANELS
BRUSH SEAL ASSY

WEIGHT (LB)

PART |
SUMMARY

84807

PAGE NO.

[16450]
7333
5203
2459
1455

[6596]
2944
2035
1009

608

[L52k]
1920
1489

701
b1k

[47969]

21201

14Lkg
7626
L4E93

[5678]

(3138)
1350

585
496

92
615

2.4-23

2.h-24

2.4-26

2.k-27

2.L-28
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

<

WEIGHT (LB) PAGE NO.

SUPPORT STRUCTURE (625)

MALN STRUTS 255

SECOKDARY STRUTS 63

CHANLELS (PANELS) 126

MAIN STRUT SUPT BRACKET 37

SEC. STRUT ATTACH FITTIKGS 12

PERIMETER SUi* ANGLE 107

PANEL EDGE SUPPORT 25

BOAT TAIL PANELS (1635)

ATTACHING PARTS (280)
STAND-OFFS (3327] 2.k-ko
INSTRUMENTATION [263] 2.k-L5

NOTE: LEADING EDGES AND lIOSE CAP WEIGHT ARE CARRIED Ik
- WING, TAIL AND BODY GROUPS



C
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
LANDING AND ORBITER ATTACH | 25885 |
WEIGHT (LB)  PAGE NO.
ALIGHTING GEAR [22590] 2.5-4
MAIN GEAR 15060 2.5-27
ROLLING (5760) 2.5-46
WHEELS 1456 2.5-46
TIRES 2096 2.5-46
BRAKES 2048 2.5-46
AIR | 160 2.5-46
STRUCTURE (8250) 2.5-28
CYLINDER 2290 2.5-28
PISTON 770 2.5-30
AXLE 640 2.5-32
SIDE BRACE - 690 2.5-34
FIXED BRACE 250 2.5-36
TORQUE LINKS 390 2.5-38
ATTACH STRUCTURE 2840 ©2.5-40
INTERNAL PARTS 470 2.5-42
CONTROLS (SYSTEMS) (1050) 2.5-44
NOSE GEAR 7530 2.5-9
ROLLING (2880) 2.5-46
WHEELS 728 2.5-46
TIRES 1048 2.5-46
BRAKE 1024 2.5-46
AR 80 2.5-46 .
(CONTINUED)
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MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
LANDING AND ORBITER ATTACH (CONTINUED)

WEIGHT (LR) PAGE NO.

STRUCTURE (4160) 2.5-10

CYLINDER 1000 2.5-10

PISTON 370 2.5-12

AXLE 370 2.5-14

DRAG LINK 420 2.5-16

TORQUE LINK 230 2,5-18

ATTACH STRUCTURE 620 2.5-20

INTERNAL PARTS 340 2.5-22

STEERING 810 2.5-26

CONTROLS (SYSTEMS) ( 490) 2.5-24

ORBITER ATTACH [3295] 2.5-49

AFT ATTACH (2320) 2.5-51

FORWARD ATTACH ( 508) 2.5-64

SEPARATION MECHANISM ( 310) 2.5-68
CONTINGENCY (5%) ( 157)

<
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DETAIL MASS PROPERTIES REPORT

MAIN ASCENT PROPULSION I 123320|

ENGINE & ACCESSORIES [98241] WEIGHT (LB)
ENGINES ( 899L0)
GIMBAL SYSTEM ( 5516)
ACTUATORS 4488
PLUMBING 909
CONTROL WIRING 119
CHILL DOWN SYSTEM ( 632)
L0, PUMPS 37
LO, DUCTS, VALVES & BELLOWS 197
LO, SUPPORTS & MISC. 8
LH, PUMPS 75
LH, DUCTS, VALVES & BELLOWS 200
LH, SUPPORTS & MISC. 19
LH, DUCT VACUUM JACKET 96
PNEUMATIC SYSTEM i ( 2129)
HELIUM BOTT.ES (DRY) 960
BOTTLE JACKETS & SUPPORTS 188
PLUMBING 685
PLENUMS 100
SUPPORTS, CONTROLS & MISC. 196
HYDRAULIC ENGINE CONTROL ( 2L)
PROPELLANT SYSTEM (24579) LHo L0,
FILL, DRAIN & DUMP ( 801) ( 690)
LINES T 166 T7
VALVES & FLANGES 362 362
BELLOWS 56 56
DISCONNECT 15 15
DUMP VENT 42 L2
* SUPPORTS & MISC 160 138

(CONTINUED)

A-40

PART |
SUMMARY

PAGE NO.

2.6-5
2.6-6
2.6-T
2.6-7
2.6-7
2.6-8
2.6-13
2.6-14
2.6-13
2.6-11
2.6-12
2.6-11
2.6-12

2.6-16
2.6-16
2.6-16
2.6-21
2.6-18
2.6-18

2.6-25

2.6-36/36
2.6-34/3L
2.6-3L/34
2.6-3L/34
2.6-37/37
2.6-34/34
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
(MAIN ASCENT PROPULSION-CONTINUED) -
ITEM LHp L0 PAGE NO.
PRESSURIZATION & VENT (1559) (1732) 2.6-45/39
PRESSURIZATION LINES 397 577 2.6-45/L1 !
VALVES & FLANGES 523 593 2.6-45/39
MANIFOLD 61 S 61 2.6-47/L1
GROUND PRESS. & CHECKOUT 7 7 2.6-L7/M1
VENT DUCT ASSY 222 181 2.6-48/kLY
DIFFUSSER ASSY 37 37 2.6-48/L}
SUPPORTS & MISC. 312 346 2.6-45/39
PROPELLANT LOADING ( ko) ( 35) 2.6-49
CAPACITANCE PROBE 20 15 2.6-k9
POINT LEVEL SENSORS 1 2 2.6-49
ELECTRONICS PACKAGE 2.6-49
SUPPORT 5 4 2.6-49
WIRING 11 11 2.6-49
FEED SYSTEM (6031) (13691) 2.6-50
DUCTS 860 5861 2.6-52
GIMRAL BELLOWS 1062 288L 2.6-53
ISOLATION VALVES 17L0 1740 2.6-53
FLANGES L68 Le8 2.6-53
DUCT INSULATION JACKET 695 0 2.6-62
SUPPORTS & MISC. 1206 2738 2.6-50
CONTINGENCY [50C]
N

A-41



Space Shuttie Program — Phase B Final Report PART |

?c? qufeo 31;771 DETAIL MASS PROPERTIES REPORT SUMMARY
CRUISE PROPULSION B7053]
ENGINE & ACCESSORIES [ 28084 ] WEIGHT (LB) PAGE NO.
ENGINES . (26140) 2.7-k4
LEVEL SENSING ( 130) 2.7-6
CAPACITANCE PROBES T2

ELECTRONICS PACKAGE
POINT LEVEL SENSORS

WIRING L2
SUPPORT 8
ACCESSORIES ( 1814) 2.7-7
INSTRUMENTATION 390 2.7-7
FIRE DETECTION & EXTINGUISHING 210 2.7-T
STARTING SYSTEM 1214 2.7-8
INSTALLATIOQJ,DUCTsr§HRoug§ | 3893] 2,7-10
ATIR INDUCTION ( 1108) 2.7-12
ENGINE MOUNTING ( 195) 2.7-16
FIREWALLS ( 990) 2.7-23
EXHAUST SYSTEM ' ( 1600) 2.7-19
PROPELLANT SYSTEM {1L28] 2.7-24
FILL, DRAIN & DUMP ( 139) 2.7-39
FILL & DRAIN VALVES & DISCONNECT 27
DUMP VALVES 14
LINES & FITTINGS 56
SUPPORTS 8
FUEL JETTISON CIRCUITRY & CONTROLS 3k
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Space Shuttie Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

(CRUISE PROPULSION - CONTINUED)

ITEM WEIGHT (LB) PAGE NO.
PRESSURIZATION & VENT ( 2L6) 2.7-35
PRESSURIZATION VALVES & XDUCERS 103
VENT VALVES Lo
VENT BOXES 25
CIRCUITRY 20
LINES & FITTINGS 28
SUPPORTS 28
BLETD AIR SUPPLY (  L6) 2.7-k1
VALVES 20
LINES & FITTINGS 23
SUPPORTS 3
PNEUMATIC ACTUATION ( 111) 2.7-40
VALVES 86
LINES & FITTINGS 12
SUPPORTS 13
FEED & TRANSFER ( 886) 2.7-31
VALVES 168
PUMPS 180
LINES & FITTINGS 360
CIRCUITRY 105
SUPPORTS & INSTALLATION T3
TANKAGE-NON INTEGRAL [ 2656 ] 2.7-k42
FORWARD TAKKS ( 1k92) 2.7-b2
WING TANKS ( 116k4) 2.7-ks
[ 992) 2.7-L6

CONTINGERCY

PART |
SUMMARY
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PROPULSION - AUXILIARY (ACPS)

FUEL
THRUSTER INSTALLATION

PROPELLANT SYS. [1112]
FILL SYS. (55)
VALVES 11
PLUMBING 39
SUPTS. 5
PRESS. SYS. (74)
VALVES 53
PLUMBING 14
SUPTS. T

VENT SYS. (108)
VALVES 58
PLUMBING Lo
SUPTS. 10

FEED SYS. (875)
VALVES 187
PLUMBING 608
SUPTS 80

TANKAGE [13L4]

STORAGE (384)

TANK 253

INTERNAL EQUIP. L8
INSULATION 45
'SUPPORTS 30

LEVEL INDICATORS 8

ACCUMULATORS (960)

TANK 778
INSULATION -

SUPPORTS 182

OoX1D.

[886]
(55)

11
39

(TL)
>3
14

(108)
58
Lo
10

(649)

235
355
59

[us8]

(126)
T3
16
13
16

(332)
- 256

76

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

TOTAL
WEIGHT

[549]
[1998]
(110)

(1k8)

(216)

(1524)

[1802]
(510)

(1292)

PART |
SUMMARY

5396

|
PAGE NO.

!

i
2.8-7
2.8-9

2.8-13

2.8-18

2.8-31
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30 June 1971

PROPULSION - AUXILIARY (ACPS) - CONT'D

CONDITIONING EQUIP.
TURBO-PUMPS
HEAT EXCHANGERS
GAS GENERATORS
SUYPPORTS
EXHAUST SYS.
PLUMBING

INSTRUMENTATION
MEASUREMENTS
SUPPORTS
WIRING

FUEL OXID.

[450] [359]
86 139
219 148
20 20
35 32
70 -
20 20

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

TOTAL
WEIGET

[809]

[238]
186
22
30

PART |
SUMMARY

5396

PAGE NO.

2.8-32

2.8-3k



Space Shuttle Program — Phase B Final Report

MDC E0377 PART I
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
PRIME POWER 3582
WEIGHT (LB) PAGE NO.

TANKAGE - STORAGE (COMMON TANKS - CODED TO ACPS)

TURBO-POWER SYS. [302] 2.9-7
TURBINES (176)

GAS GENERATORS (22)
CONTROL LOGIC & INSTRUMENTATION (68)
CONTROL VALVES ' (36)

HEAT EXCHANGERS [173] 2.9-7
RECUPERATORS (133)

GEAR BOX COOLERS (18)
EQUALIZERS (22)

ALTERNATORS [184]

DISTRIBUTION SYS. [295] 2.9-9
LINES & FITTINGS (32)

TURBINE EXHAUST LINES (238)
VALVES (12)
MANIFOLD LINES (13)

GEAR BOX ASSY. [451] 2.9-7
GEAR BOXES (390)

LUBE OIL (61)

HYDRAULIC PUMPS (CODED TO HYDRAULICS) -

AIR BREATHERS -~ APU [1816] 2.9-10
POWER UNITS (JP/AIR) (1156) |
CLUTCHES (70)

INLET & EXHAUST DUCTS (590) }

BATTERY [35] 2.9-13

SUPPORTS [326] 2.9-13
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MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
ELECTRICAL GROUP | 1616 ]
WEIGHT (LB) EKEE.HO.
POWER CONVERSION EQUIPMENT ' [192] 2.10-7
TRANSFORMER RLCTIFIERS

. 2 Kw. (56)
1/2 KW. (16)
10 KW. (120)

POWER CONTROL EQUIPMENT (L8L) 2.10-7
POWER COKTRACTORS (19)
BUS TIE BREAKERS ' (29)
GENERATOR CONTROL UNITS (14)
REMOTE POWER CONTROLLERS (L20)
BUS VOLTAGE MONITORS (2)

POWER DISTRIBUTION CIRCUITS [853] 2.10-7
VIRE (T42)
WIRE-POWER MAIN CABLES 60k
WIRE-REMOTE PWR CTR/DIV. 80
WIRE-CROSS OVER 22
WIRE-GROUND PWR PROV. 36
CONNECTORS (111)

INSTRUMENTATION 6] 2.10-7
VOLTAGE READOUTS (6)

SUPPORTS (157] 2.10-7
CLAMPS (85)
SUPPORT STRUCTURE (12)

LIGHTS [126] T o2.10-11

LANDING , (57)
ANTI-COLLISION (Ls5)
INTERIOR ‘ (2k)



- inal Report
WDC E0377 Space Shuttie Program — Phase B Final Rep . PARTI

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
HYDRAULIC SYSTEM [izgga
WEIGHT (LB)  PAGE NO.
POWER SUPPLY (PUMP-MANIFOLD ASSY) (900) 2.11-3
/ DISTRIBUTION CONTROL CENTER (5,879) 2,11-3
RESERVOIRS 1,136 2.11-36
DISTRIBUTION MANIFOLDS 954 2,11-3
CHECK VALVES 105 2,11-3
FILTERS 123 2.11-3
LINES, FITTINGS, & INSTALLATION 2,270 2,11-k4
RLS SHUTOFF VALVES 10k 2.11-3
BULKHEAD CONNECTIONS & FITTINGS 21 2,11-3
NC RETURN LINE SOL. SHUTOFF VALVES 6 2.11-3
HEAT EXCHANGERS (GSE) 360 2.11-3
HEAT EXCHANGERS (FLIGHT) 800 2,11-3
AUXILIARY SYSTEMS (PUMP) (132) 2.11-21
SUPPORTS & INSTALLATION (371) o 2,11-b
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SURFACE CONTROLS [ 11320]
WEIGHT (LB)  PAGE IO.
ELEVONS (8617) 2.12-3
ACTUATORS 6804 2.11-31
LINES, FITTINGS & INSTALLATION 451 2.12-3
SUPPORTS & INSTALLATION (ACTUATORS) 1293 2.12-3
CONTROL WIRING 69 2.12-4
RUDDERS (212k) 2.12-3
ACTUATORS 1560 2.11-31
LINES, FITTINGS & INSTALLATION 207 2.12-3
SUPPORTS & INSTALLATION (ACTUATORS) 296 2.12-3
CONTROL WIRING 61 2.12-4
CANARD FLAPS (579) 2.12-3
ACTUATORS LLo 2.11-31
LINES, FITTINGS & INSTALLATION 32 2.12-3
_ SUPPORTS & INSTALLATION (ACTUATORS) 8L 2.12-3
CONTROL WIRING 23 2.12-k

A
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AVIONICS o o o o o 4927
Page No.
Guidance and Navigation : [278] 2,13-4
Inertial Measurement Unit 140
Circuitry 24 |
Navigation Base ' 80
Local Mounting Structure : 10
Equipment Bay Structure 24
Flight Control System [1159] 2.13-5
Thruster Electronics 70
Actuator Electronics 184
TVC Actuator Electronics 342
Rate Gyro Package 16
Total Temp & Press Sensor 10
Accelerometer 6
Static Press Sensor 10
Pitch Angle of Attack 4
Sideslip Semnsors : 4
Normalized Pressure Sensors 4
Actuator Assem-Pilot Static Angle
of Attack Sdnsors 215
Circuitry 175
"Local Mounting Structure 28
Equipment Bay Structure 91
Data Management [1217] ) 2.13-9
Central Computer 340
System Control Unit 7
Mass Memory 32
Area DIU's 162
Crew Station DIU's 114
IMU DIU's 20
Data Bus 36
Maintenance Recorder 100
Input/Output Control Unit 24
Circuitry 242
Local Mounting Structure 33
Equipment Bay Structure 107

A-50



Space Shuttle Program — Phase B Final Report PART I

MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
Avionics - Continued @
Page No.
Communications & Nav [853] 2.13-10
Audio Control Center 36
UHF Transceiver 36
UHF Antenna 39
UHF Ant Window & Instl 46
DME Receiver 90
DME Antenna 4
DME Ant Window & Instl 50
Glideslope Receiver 12
Glideslope Antenna 6
GS Ant Window & Instl 33
VOR/LOC Receiver _ 60
VOR/LOC Antenna 32
VOR/LOC Ant Wind & Instl 66
Radio Altimeter 63
Radio Altimeter Antenna 6
Radio Alt Ant Window & Instl 71
ATC Transponder 20
ATC Antenna 1
ATC Ant Window & Instl 13
Circuitry 95
Local Mounting Structure 17
Equipment Bay Structure 57
Displays & Controls [808] 2.13-16
Center Front Panel 166 2.13-13
Command Pilot Front Panel 126 2,13-13
Pilot Front Panel 123 2.13-14
Command Pilot Outb'd Panel 19 2.13-14
Pilot Outboard Panel 25 2.13-14
Center Console Panel 63 2.13-15
Floor Area 50 2.13-15
Overhead Panel 40 2.13-15
Circuitry 162 2.13-16
Window Frame Mount ) 6 2,13-15
Local Mounting Structure 27 2.13-16
Roundoff 1
Contingency [612] 2.13-16
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2058 LB

GAS SUPPLY SYSTEM (DRY)

ATMOSPHERE SUPPLY

AIR TANKS (2)

PRESSURE RELIEF VALVE (2)
PRESSURE REGULATOR (2)
SHUT-OFF VALVE (2)

CHECK VALVE (2)
DISCONNECT (2)

TEMP TRANSDUCERS (€)
PRESSURE TRANSDUCERS (9)
AIR

OXYGEN SUPPLY

OXYGEN TANK
PRESSURE RELIEF VALVE
PRESSURE REGULATION
SHUT-OFF VALVE

CHECK VALVE (2)
DISCONNECT

MASK CONNECTIONS (2)
FACE MASK AND HOSE (2)
TEMP TRANSDUCERS (3)
PRESSURE TRANSDUCERS (6)
OXYGEN

PLUMBING & PLUMBING SUPPORT

CIRCUITRY & MISC

MOUNTING STRUCTURE

*INCLUPED IN RESIDUALS

WEIGHT-LB

120
(67)
38

N DWW

12

[33]

[o o]

@ H WV H DD W

(6]
(5]
(9]

PART [
SUMMARY

PAGE NO.
2.1k-6
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ATR CYCLE SYSTEM & PRESSURE CONTROL

AIR CYCLE SYSTEM

AIR CYCLE PACKAGE
INTERCOOLER (3)
TURBINE/COMP (3)

TEMP CONTROL VALVE (3)
TEMP TRANSDUCERS (12)

CONTROLLER

CHECK VALVE - CABIN SUPPLY (k)

REGULATOR/SHUT-OFF VALVE (3)

WATER SEPARATOR (3)

DISCONNECT/CHECK VALVE - AGE

PRECOOLER ASSY
JP-4 PRECOOLER
TEMP CONTROL VALVE
TEMP TRANSDUCERS (&)
PRESSURE TRANSDUCERS (1)

CABIN AIR DISTRIBUTION
OVERHEAD DIFFUSER
TOGGLE VALVE-FOOT OUTLET (2)
LOUVERED OUTLETS (2)

TEMP TRANSDUCERS (3)
PRESSURE TRANSDUCERS (6)

RAIN REMOVAL ASSY
OUTLET NOZZLE ASSY
REGULATOR
SHUT-OFF VALVE (2)

TEMP TRANSDUCER (3)

PRESSURE CLNTROL

PRESSURE CONTROL INSTL
EMERG SHUT-OFF VALVE (3)
PRESSURE REGULATOR (3)
SAFETY VALVE (3)

WEIGHT-LB
308
(106]
(37)
1k
11
8
L
(5)
(4)
(12)
(1)
(1)

—~

+ ~—
H W & 0

~— ~

Pan
|
Wi W WY oo @ H H H D w

[

[22]
(22)

PART |
SUMMARY

PAGE NO.

2.1k-10
& 11

C
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WEIGHT-LB
DUCTING & DUCTING SUPPORT [126)
CIRCUITRY & MISC [12]
MOUNTING STRUCTU. .. [10]
PACKAGING ALLOWANCE [32)
HEAT TRANSPORT SYSTEM (DRY) 455
FREON SUPPLY & CONDITIONING [148)
PUMP PACKAGE (2) (82)
FILTER ASSY (2) (8)
SERVICE CONNECTIONS (&) (1)
GHp HEAT EXCHANGER ASSY (29)
JP-4 HEAT EXCHANGER (6)
REGEN. HEAT E.CHANGER (2) (6)
TEMP CONTROL VALVES (2) (3)
TEMP CONTROLLER (2) (%)
GROUND COOLING ASSY (9)
GROUND HEAT EXCHANGER 4
TEMP CONTROL VALVE 3
TEMP TRANSDUCERS (2) 1
DISCONNECTS (2) 1
COLD PLATE/COLD RAIL INSTL (112]
COLD PLATES - COCKPIT (2) 18
COLD PLATES - FORWARD (3) 27
COLD PLATES - INTERTANK (2) 18
COLD PLATE - MIDSHIP (1) 9
COLD PLATES - UPPER AFT (2) 18
COLD PLATES - LOWER AFT (2) 18
TEMP TRATSDUCERS (12) y
IRSULATION - FPON LINES (43)
PLUMBING ¢ PLUMBING SUPPORT [87]
CIRCUITRY & MISC [15)
MOUKTING STRUCTURE [15]
PACKAGING ALLOWA'CE (35]

®INCLUDED IN RESIDUALS

Space Shuttle Program — Phase B Final Report

PART |
SUMMARY

PAGE TO.
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WEIGHT-LB PAGE NO.
CAEIN INCULATION i72 2.14-18
FLOOR (1" GHF) 29 & 19
FORWARD BULKHEAD (1" GHF) 4
AFT BULKHIAD (1" GHF) 23
LOWER SIDEWALL (2" GHF) 29
UPPER SIDEWALL (2" GHF) 21
CEILING (2" GHF) 36
BONDING ' 30
PURGE SYSTEM ' 816 2.1k-03%
CONTINGENCY - 10 PERCERT 187

#SEE DISCUSSION ON PACE 2.1k-22
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PERSONNEL_PROVISIONS 288

SEATS/RESTRAINT SYSTEM

FIXED LIFE SUPPORT EQUIPMENT

EMERGERCY EQUIPMENT
PORTABLE FIRE EXTINGUISHER
HAND AX
EXCAPE ROPES

FURNISHING
INST PNL, CONSOLE, PEDESTAL
GLARE SHIELD
COCKPIT LIGHTING
FLOOR COVERING
STOWAGE, HANDHOLDS, ETC.

* WEIGHT CHARGED TO EC/LS

CAOWTH/URCEUTAINTY

WEIGHT (LB)
(120)

(*)

( 29)
16
3
10

(139)
100
5
24
6
4

lh2,009|

PART |
SUMMARY

PAGE NO.

2.15-3

2.15-3

2.15-3
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PERSONNEL 522
WEIGHT (LB)
CREWMEN (392)
GARMENTS (13)
CONSTANT WEAR 4
COVERALLS 9
HELMET (12)
PRESSURE SUITS ( 26)
ACCESSORIES ( 79)
HEADSETS 2
MEDICAL & FIRST AID 5
SURVIVAL KIT 45
HYGENIC EQUIPMENT 3
PERSONAL GEAR 2
ACCESSORTIES 22

PART I
SUMMARY

I

PAGE NO.

2.20-3

2.20-3

2.20-3
2,20-3

2-20‘3
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RESIDUAL & UNEXPENDABLE FLUIDS !14707]
WEIGHT (LB) PAGE HO.

ASCENT (4796) 2.23-L
TANK AND LINES GH, 741
TANK AND LINES GO 4055

CRUISE (4045) 2.23-
TANK JP-4 2620
LINES JP-4 : 1425

ATTITUDE CONTROL ( 306) 2.23-k
TANK LO) 21
TANK LH, 5
PRCSSURANT - TANK GO, 10
PRESSURANT - TANK GH, 11
ACCUMULATOR & LINES O, 213
ACCUMULATOR & LINES H, 46

ENVIRONMENTAL CONTROL SYSTEM ( 84) 2.23-4
ATMOSPHERE AIR 28
ATMOSPHERE 0y 2
FREON 54

PRIME POWER '"APU" ( 55) 2.23-4
TANK LHj 4
CRUISE TANK JP-4 39
TANK LO» 3
PRESSURANT - TANK GHj 8
PRESSURANT - TANK GOj 1

HYDRAULIC (5381) 2.23-5
POWER GENERATION 3308
TVC SYSTEM 778
ELEVON ACTUATION 829
RUDDER ACTUATION 232
JET FLAP ACTUATION 39
ASCENT ENGINE CONTROL SYSTEM 16

LANDING SYSTFM (STEERING, BRAKING, GEAR

& DOOR ACTUATION) 179

PART |
SUMMARY
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RESIDUAL & UNEXPENDABLE FLUIDS (CONTINUED)
MISCELLANEOUS ( 40) 2.23-5
SERVICE PRESSURANT GHy 6
SERVICE PRESSURANT GO, 1
SERVICE FUEL LK, 3
SERVICE OXIDIZER LOj 3
PNEUMATIC SYSTEM HELIUM 27
RESERVE FLUIDS Lioz'z:s—}
WEIGHT (LB) PAGE XO.
CRUISE JP-4 (10000) 2.25-3
ATTITUDE CONTROL ( 54) 2.25-3
LO2 48
LH9 6
PRIME POWER "APU" ( 191) 2.25-3
LO9 3
LHp 14
JP-4 174
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INFLIGHT LOSSES & APU PROPELLANT

ASCENT
PRESSURANT - GHp
PRESSURANT ~ GO3
TANK RESIDUAL - LH)
TANK RESIDUAL - LO3
LINE RESIDUAL - LHj
LINE RESIDUAL - LO,
ENGINE RESIDUAL - LHj
ENGINE RESIDUAL - LOZ
PU BIAS - LHj :
CHILLDOWN PROPELLANT - LHj
CHILLDOWN PROPELLANT - LOj
SHUTDOWN LOSS - LH2
SHUTDOWN LOSS - LOj

ATTITUDE CONTROL
ACPS PUMP COOLANT - LHjp
ACPS PUMP COOLANT - LO2

MISCELLANEOUS
SERVICE PROPELLANT ~ LH»p
SERVICE PROPELLA'T - LO»
PURGE SYSTEM PENALTY JP-4
PNEUMATIC SYSTEM HELIUM

USABLE APU PROPELLANT
LH
2
L0%

JP-k

Propellant - Ascent

DPropellant - Cruise

PROPHLLANT - ATTITUDE CONTROL SYSTEI

(3 038 600

A-60

22847

WEIGHT (LB

(20320)
526
366

1000
1700
115
1900
480
8160
4841
20
360
324
528

( 9
5
4

( 483)
139
139
137

68

( 2035)
168
126

17kl

038 600

e

121 000*]

L

e e o S

1212

SUMMARY

PAGE KO.

2 v26"3

2.,26-4

2 . 26"5

2,26-5
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C

Appendix B
Alternate Mission Data

B.1 Summary - Space Shuttle requirements were modified during the course
of the Phase B activity to establish the 65K payload easterly launched mission
from ETR as the design mission. These modified requirements also identify the
following reference missions which were considered in our vehicle design.

0 25K payload, 55 degree inclination resupply mission from ETR

(with airbreathing engines in the Orbiter)

o 40K payload, polar mission frop ETR.

As was shown in Section 1 the MDAC design satisfies all these mission requirements.
The resupply and polar missions both presently appear to be slightly more
critical than the easterly mission in terms of overall vehicle sizing. The resupply
mission sizes the Orbiter auxiliary propellant tank while the polar is most critical
from a TPS design standpoint. The booster cruise fuel requirement is determined by
the easterly mission, primarily because of the prevailing headwinds for a westerly

return to the launch site. No one mission then designs the entire vehicle. Our
reporting emphasis has been placed on the easterly mission becauée it was estab~
lished by NASA as the design mission.

The three missions are compared in Table B,1-1, The primary mission differences

are:
o Payload differences
o0 Airbreathing engines carried only for resupply mission
o Total velocity required
0 Orbiter maneuvering AV required
o Auxiliary propulsion tanks filled and RL-10 ascent burn for polar mission

o Differences in booster cruise back range and wind effects

B.1-1
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These primary differences lead to other secondary effects such as changes in
residual and reserve fluids and growth/uncertainty. Group Weight Statements,
Design Data Summaries and sequenced mass propery data for the resupply and polar

missions is presented in Sections B.2 and B.3.

B.1-2
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TABLE B.1-1 COMPARISON OF SPACE SHUTTLE DESIGN
AND REFERENCE MISSIONS
ITEM EASTERLY RESUPPLY POLAR
Vehicle Size Same Same Same
Payload Required 65K 25K 40K
Orbiter Airbreahing Engines Required No Yes No
Total Velocity Required - ft/sec (29313) (29823) (30743)
Booster (Staging) 14991 15098 15201
Orbiter (Nominal) 14032 14430 15238
Flight Performance Reserve 290 295 304
Orbiter Maneuver AV Required - ft/sec 900 1500 715
Auxiliary Propulsion Tank Fill-up No No Yes
and RL-~10 Ascent Burn Used
Booster Cruise Ground Range
Required - nm 450 450 439
Total Usable Cruise Fuel Load -~ .Lb (131000) (124000) (112000)
Nominal Fuel* 97000 97000 91000
Reserve Fuel* 34000 27000 11000

*Nominal fuel is based on Booster flyback to launch site with no wind and all

engines operating.

Total fuel is based on flyback to launch site with design

headwinds and one engine out. Reserve fuel is difference between total and

nominal,

B.1-3
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Mission

Data - The following data for the resupply mission is

presented in this section.

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

B.2-1 -

B.2-2 -

B.2-3 -
B.2-4 -
B.2-5 -

B.2-6 -

B.2-7 -
B.2-8 -
B.2-9 -

B.2-10~

Combined Vehicle Data

Weight Summary (Launch Condition)
Sequenced Mass Properties Summary (Combined Vehicle)

Orbiter Data

Mission Weight Summary

Group Weight Summary

Design Data Statement

Sequenced Mass Properties Summary

Booster Data

Mission Weight Summary
Group Weight Statement
Design Data Statement

Sequenced Mass Properties Summary

B.2-1
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TABLE B.2-1 WEIGHT SUMMARY (LAUNCH CONDITION)

(RESUPPLY MISSION)

CONFIGURATION | CANARD BOOSTER DELTA ORBITER | BY | [DaTE |
ITEM OR MODULE
CODE SYSTEM BOOSTER EST CAL ACT ORBITER EST CAL ACT
1 WING GROUP 57954 31587
2 TAIL GROUP 19214 5104
3 BODY GROUP , 148599 55500
4 INDUCED ENVIR PROTECTION 84807 32847
5 | CANDING, RECOVERY, DOCKING| 25885 10551
& | PROPULSION—ASCENT 123320 26637
7 PROPULSION-CRUISE 37053 15273
8 PROPUL SION~AUXILIARY 5396 11877
9 PRIME POWER 3582 2272
10 ELECT CONVER & DISTR 1818 1303
11 HYDRA CONVER & DISTR 7282 2760
12 SURFACE CONTROLS 11320 4901
13 AVIONICS 4941 } 4588
14 ENVIRONMENTAL CONTROL 2058 7849
15 PERSONNEL PROVISIONS 288 430
16 RANGE SAFETY & ABORT 0
17 BALLAST 0
18 GROWTH UNCERTAINTY 45054 21718
19
SUBTOTAL DRY WEIGHT) [(578571) (235197)
20 PERSONNEL 522 626
21 CARGO 25000
2 ORDNANCE 0
23 RESIDUAL FLUIDS 14567 4205
24
SUBTOTAL (INERT WEIGHT) [(593660) (265028)
25 RESERVE FLUIDS 27245 14619
26 IN FLIGHT LOSSES 22847 9788
27 PROPELLANT-ASCENT 3038600 526434
28 PROPELLANT-CRUISE 97000 1140
29 PROPELLANT-MANEUV "ACS 1212 28980
30
TOTAL (GROSS-WEIGHT I LB (3780564) (845989)

DESIGNATIONS:

CLASS OF WEIGHT

EST — PERCENT ESTIMATED WEIGHT
CAL - PERCENT CALCULATED WEIGHT
ACT -~ PERCENT ACTUAL WEIGHT

NOTES & SKETCHES:
(1) Gross Liftoff Wt =

(2) Weights shown are for the "Analysid
Vehicle", Orbiter weights differ
from those presented in Report
E0403 for the "Final Design
Baseline" by the pending changes
shown in Table 2-2.

4626553 Lb.

B.2-2
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TABLE B.2-2 SENUENCED MASS PROPERTIES SUMMARY n6s12/71
25K 55 DEG MISSION W/ABES
COMBINED CONFIGURATION
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WETGAT X Y z ROLL PITCH Y Al
(L) CINCHD PRODUCT OF INERTIA
ROL-PIT PIT-YAW YAW-ROL
(SLUG-FEET 51./1000.)
ORBITEP SEP 845988, 2089. -0. 713. 2586, 42600, B3486,
-15. 1. 1521.
BOOSTER 30 741354, 3082, 0. 4231, 13378, 119894, 127404,
-48, 3. 7708,
BURN 0OUT UT 1587251, 2553. 0. 581, 227h2, 253401, 255019.
-35. -4 -14652,
ASCENT PROP 759650, 2111, 0. 400, 0. 49800, 49800.
0. 0. 0.
75% BURN 2347601, 2410, 0. 523. 26387. 328501, 326474,
-28, -1. -5767.
ASCENT PROP 759650, 13538, 0. 4ono, 0. 36507, 36507.
0. 0. 0.
50% BURN 3107251, 22)5. 0. 93, 28251. 394504, 390614,
-22. 1. 1408,
ASCENT PROP 759650, 1764, 0. 490, 0. 23195. 23195,
0. 0. 0.
25% BURN 3866301, 2190. 0. 474, 29382, 455878, 450856,
-1€, 2. 7882.
SCENT PROP 759650, 1605, 0, 400. -0. 17436. 174956,
0. 0. .
LAUNCH YT ug26551. 2094, 0. u62. 130141, 521159. 515378.
"11. 30 138580

B.2-3
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TABLE B.2-3 MISSION WEIGHT SUMMARY (25K, 55° INCL., RESUPPLY)
CONFIGURATION | DELTA ORBITER S [ 8y ] | PATE [15 june
CODE SYSTEM

A B Cc D E F G H

1 | WING GROUP. ~ |31587

2 | TAIL GROUP 5104

3| BODY GROUP 55500

4 | INDUCED ENVIR PROTECTION _ |32847 -

5 | LANDING, RECOVERY, DOCKING 10551 T

6 | PROPULSION~ASCENT ~ __ |26637

7 | PROPULSION~-CRUISE 15273

8 | PROPUL S|ON~AUXILIARY 11877

9 | PRIME POWER _ I R

10 | ELECT CONVER& DISTR 1303
11| HYDRA CONVER & DISTR 2760 IR
12 | SURFACE CONTROLS 4901 L
13 | AVIONICS 4588
T4 |ENVIRONMENTAL CONTROL ~ | 7849
15 | PERSONNEL PROVISIONS 430 B
16 | RANGE SAFETY & ABORT 0
17 | BALLAST 1 0
18 |GROWTH. UNCERTAINTY 21718
19
SUBTOTAL (DRY WEIGHT)  |235197
20 | PERSONNEL 626]
21 | CARGO 25000
22 | ORDNANCE 0
23 | RESIDUAL FLUIDS 4205 ]
24
SUBTOTAL [INERT WEIGHT: |265028/265028] 265028265028 [265028 {265028 265028/ 265028
25 | RESERVE FLUIDS 14619] 14619] 14619[ 14619 | 8329 | 8329| 8329] 8329
26 |IN FLIGHT LOSSES 9788] 7826, 7816 | 7383| 3250 871 871 0
| 27 |PROPELLANT-ASCENT 526434|526434) 263217 0 0 0 0 0
28 |PROPELLANT-CRUISE 1140} 1140] 1140] 1140 1140] 1140| 1140 0
[ 29 |PROPELLANT-MANEUV ACS 789801 28980, 28980 28980 | 15451 | 10429| 1000 0
30
TOTAL (GROSS-WEIGHT) LB. 845989 844027 580800[317150 [2931981285797276368] 273357

DESIGNATORS:

EVENTS

LAUNCH

IGNITION

507% BURN

INJECTION

ON-ORBIT

PRE-RETRO

ENTRY

IO TMUONOw@>

LANDING

NOTES & SKETCHES:

B.2-4
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TABLE B,2-4 GROUP WEIGHT STATEMENT (RESUPPLY)

jPAcE 10F 6

CONFIGURATION I DELTA ORBITER

BY

DATE

15 Junef 1971

1. WING GROUP

BASIC STRUCTURE
TORQUE BOX
LEADING EDGE
TRAILING EDGE
SECONDARY STRUCTURE
VARIABLE GEOMETRY (INCL ____ LBS MECHANISM)
DOORS, INSULATION, FAIRINGS
CONTROL SURFACES
AILERONS - (INCL. BAL WT
T.E. FLAPS
L.E. FLAPS
SPOILERS
SPEED BRAKES

LB)

2. TAIL GROUP

BASIC STRUCTURE
TORQUE BOX
CARRY THROUGH
LEADING EDGE
TRAILING EDGE

SECONDARY STRUCTURE

CONTROL SURFACES
RUDDER INCL. BAL WT L B
ELEVATOR INCL. BAL WT LB)

3. BODY GROUP
INTEGRAL TANKAGE
FUEL TANK
OXIDIZER TANK
BETWEEN TANKS 'CMN BLKHD)
'NSULATION

BASIC STRUCTURE FWD. CTR,

CARRY EXPOSED

THROUCH SURFACE _

{ ) )

SURFACE SUPTMECH

VERTICAL _HORIZ
( ) A )

(§UR FACE sUP ME;‘l

AFT, SKIRT
( Vo )

SIDEWALLS

BULKHEADS

PARTITIONS —_

THRUST STRUCTURE ‘MAIN ASCENT ENGINE)
SECONDARY STRUCTURE

CREW COMPARTMENT

EQUIPMENT COMPARTMENTS

RADOME ANTENNAS

SPEED BRAKES

ENGINE HEAT PROTECTION

INTERSTAGE

DOORS 'FAIRINGS

GEAR WING PROVISIONS
CONTINGENCY

31587

5104

55500
- 1

B.2-5
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MDC EO0377 PART I

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-4 GROUP WEIGHT STATEMENT (RESUPPLY) PAGE 2 OF 6

CONFIGURATION T DELTA ORBITER lBY l DATE 115 June 19141

4. INDUCED ENVIRONMENT PROTECTION

32847

THERMAL PROTECTION WING HOR. TAIL VER. TAIL BODY  (
LEADING EDGE 'NOSE CAP* { ) ( ) ) )
SURFACE PROTECTION® ) ( ) ( ) )

~—

BASE HEAT PROTECTION~

SOUND PROTECTION
METEORITE 'RADIATION PROTECTION

“BREAK OUT BY TYPE OF MATERIAL

B.2-6
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Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

PART |
SUMMARY

TABLE B.2-4 GROUP WEIGHT STATEMENT (RESUPPLY) lPAGE 30F 6
CONFIGURATION DELTA ORBITER IBYl IDATEIU June 1971
5. LANDING, DOCKING STRUC-  CON- 10551
ALIGHTING GEAR ROLLING TURE TROLS 7600
MAIN 3121 2660 843
NOSE 176 563 237
DOCKING 400
AUXILIARY SYSTEMS 1763
DECELERATION CHUTES 258
INTERSTAGE ATTACH 627
PAYLOAD HANDLIIG/TUNNEL 205/373
CONTINGENCY —_ 788
6. PROPULSION — MAIN ASCENT 266
ENGINE & ACCESSORIES L
ENGINE {AS SUPPLIED)
GIMBAL SYSTEM
IGNITION AND CONTROL SYSTEM
PROPELLANT UTILIZATION SY
ACCESSORIES
INSTALLATION, DUCTS, SHROUDS
PROPELLANT SY FUEL OXIDIZER
FILL DRAIN
PRESSUR!ZATION /VENT
RECIRCULATION
PCV SY
PRE-VALVES
FEED SYSTEMS
VORTEX, FLOW CONTROL SYSTEM
TANKAGE —~ NONINTEGRAL TANK  INSULATE SUPTS
FUEL
OX!DIZER
CONTINGENCY
7 PROPULSION — CRUISE BACK 15273
ENGINE & ACCESSCORIES 11282
ENGINE 10660
IGNITION ANDCONTROL SY 30
LUBRICATION SY (DRY! 95
ACCESSORIES 497
INSTALLATION, DUCTS, SHROUD 2962
A'R INDUCTION 62
ENGINE MOUNTING 439
NACELLES PYLONS INCL 894 LB MECH: 2461
PROPELLANT SY 138
FILL DRAIN 57
PRESSURIZATION [DRY) 13
VENT SY 10
PUMP —N/A
FEED SY 163
TRANSFER SY 47
DUMP SY N/A
SUPPORTS 'INSTALLATION T
TANKAGE -~ NON INTEGRAL TANK  INSULATE SUPTS 175
FUEL 79 44 52
CONTINGENCY 516

B.2-7
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

 TABLE B.2-4 GROUP WEIGHT STATEMENT (RESUPPLY) ~ |PAGE 40F 6 ] | \J
CONFIGURATION DELTA ORBITER BY DATE |15 JUNE 1971

8. PROPULSION — AUXILIARY ATT. . MANEU- 11877
CONTROL —VER
THRUSTER INSTALLATION
THRUSTER
ACCESSORY
PROPELLANT §Y
FILL 'DRAIN
PRESSURIZATION
VENT
FEED SYSTEM
DUMP SYSTEM
SUPPORTS
TANKAGE
TANKS
INSULATION
SUPPORTS
CONTINGENCY
9 PRIME POWER POWER MTG ' PROPEL TEMP CON- 2272
UNIT INSTAL TANK/SYS CONTROL TROLS JOTAL

BATTERIES {
ENGINE TURBINE t )
FUEL CELL (

10- ELECTRICAL SUPPLY CONVER. CONTROL 1303
SION UNITS

EQUIPMENT

DISTRIBUTION AND CONTROL CIRCUITRY
UTILITY SYSTEMS
SUPPORTS/INSTALLATION

1. HYDRAULIC PRIMARY UTILITY EMERG 2760
( ) ) )

POWER SUPPLY
DISTRIBUTION CONTROL CTR
TEMPERATURE CONTROL SY
AUXILIARY SYSTEMS
SUPPORTS INSTALLATION

12. SURFACE CONTROLS 4901
COCKPIT CONTROLS —
FLIGHT CONTROL SY ) POWER FEEL SUPTS (SEE AVIONICE)
SYSTEM ACTUATION CONTROLS XMISSION ACTUATOR Sy INSTALL.

i Y1 K IR ) ( )

AILERON
ELEVATOR
RUDDER

T.E FLAP
SPEED BRAKE

UNITS CIRCUITRY COOLING ANTENNAS INSTALL.

13. AVIONICS ( ) o ) ) ( 3 )
GUID NAV
FLIGHT CONTROL
DATA MANAGEMENT
COMMUNICATE
CONFIG. SEQ,
INSTRUMENTATION
DISPLAYS
CONTINGENCY

4588

B.2-8
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Space Shuttle Program — Phase B Final Report

DETAIL MASS PROPERTIES REPORT

PART |
SUMMARY

TABLE B.2-4 GROUP WEIGHT STATEMENT:(RESUPPLY)

lPAGE 50F 6

CONFIGURATION DELTA ORBITER BY

DATE| 15 June 1p71

19.

21,

22.

23.

24,

14, ENVIRONMENTAL CONTROL

GAS SUPPLY SYSTEM (DRY)

GAS MANAGEMENT , PROCESSING (DRY)
HEAT TRANSPORT SYSTEM (DRY)
WATER MANAGEMENT SYSTEM (DRY)

15, PERSONNEL PROVISIONS

SEATS RESTRAINT SYS (NO = )
FIXED LIFE SUPPORT EQUIPMENT
EMERGENCY EQUIPMENT

CARGO HANDLING

FURNISHINGS

OPEN

20. PERSONNEL

CREW

PASSENGER ( )

16. RANGE SAFETY AND ABORT

17. BALLAST

18. GROWTH/UNCERTAINTY

SUBTOTAL (DRY WEIGHT)

i

PRESS.  ACCESS

NO  MAN GARMENTS HELMET SUIT ORIES

l

PERSONEL GEAR ‘ACCESSORIES
LIFE SUPPORT

FOOD

EQUIPMENT ~ PORTABLE

CARGO

ORDNANCE

RESIDUAL & UNUSABLE FLUIDS
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL

ECS
EPS

HYDRAULIC
MISC. (SHOCK STRUT, ETC.)

OPEN

SUBTOTAL {INERT WEIGHT)

|

|

737
204

1430
Incl Maneu
621

0

1087

126

7849

430

626

4205

265028 )

B.2-9
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-4 GROUP WEIGHT STATEMENT PAGE 6 OF 6
CONFIGURATION DELTA ORBITER BY DATE |15 June 1971
25. RESERVE FLUIDS 14619
ASCENT 6309
CRUISE 2280
MANEUVER 4118
ATTITUDE CONTROL 1662
ECS 102
EPS 0
HYDRAULIC 148
26. INFLIGHT LOSSES 9788
ASCENT 6467
CRUISE R
MANEUVER 1552
ATTITUDE CONTROL Incl Maneu
ECS 324
EPS 640
HYDRAUL IC 805
27. PROPELLANT - ASCENT 526434
28. PROPELLANT - CRUISE 1140
MANEUV. ACS
29, PROPELLANT - MANEUV 'ACS 27317 1663 28980
TOTAL {GROSS WEIGHT) (845989 )

B.2-10
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

TABLE B.2-5

DESIGN DATA (DELTA ORBITER)
(25K Resupply Mission)

Pages 1 thru 4 and page 7 are the same as shown for

the Easterly Mission in Section 4. Pages 5 and 8 follow.
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PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-5 DESIGN DATA SUMMARY  (RESUPPLY) PAGE 5 OF 8 =
CONFIGURATION [ DELTA ORBITER I BY I DATE 1 15 June

7. PROPULSION — CRUISEBACK

NO. OF ENGINES . S
ENGINE THRUST - S.L. STATIC -LB  _Classified
SPECIFIC FUEL CONSUMPTION LB LB ~ THRUST PER HR
: NOMINAL CRUISE ALTITUDE - FT —Classified
NOMINAL CRUISE ALTITUDE - FT NaA
NOMINAL CRUISE SPEED ~ KNOTS N/A

CRUISE ALTITUDE ENGINE OUT - FT _N/A
CRUISE SPEED, ENGINE QUT - KNOTS _N/A
CRUISE RANGE (ACTUAL REQ) - NAMI _N/A_
CRUISE RANGE (MAX AVAIL ~ NO

HEADWIND, ALL ENGINES UP) N/A
CRUISE LIFT DRAG RATIO N/A
ENGINE THRUST SIZED BY APPROACH_GO/AROUND ABORT

LIFT COEFFICIENT FOR CRITICAL

THRUST CONDITION .26
LIFT DRAG RATIO 6.5
TANK VOL TANK  TANK BURST NO. OF
TYPE CUFT MATL PRES-PSI  FACTOR  TANKS
FUEL SYSTEM JP 80 Al 30 2 2
PRESSURIZATION SYSTEM USES MATIN ASCENT PNEUMATIC SYSTEM RESIDUAL GAS
AIR INTAKE - LENGTH-FT. 2.3
- DIAMETER-FT _ 3.8

NACELLE WETTED AREA - EACH-SQ FT 131
8. PROPULSION — AUXIL IARY

E THRUSTERS

THRUST .VAC) - LB Iep - SEC ACS QUANTITY REQ
MANEUVER  COMBIN
15000 444 0 2 0 (2 )
: T600 379 0 7 0 (2
1600 3607379 0 0 28 (28 )
( }
: ( )
g PROPELLANT SYS TYPE TANK #% TANK TANK BURST  NO. OF
: VOLUME; MATL PRES.PSI  FACTOR TANKS
% FUEL _ LH, = _2464 FT 4 AL 32 2 1
OXIDIZER Lof 288.5 FT AL 41 2 2
FUEL PRESSURANT __He  12.1 FT~ AL 3000 2 1
OXIDIZER PRESS.
*% Net Usable Plus Ullage
9. PRIME POWER SPECIFIC TOTAL TYPE
POWER POWER
BATTERIES  WATT-HR LB WATT-HRS
ENGINE TURBINE __ HP-HR'LB FUEL HP~HR
_____ HP-LB OF ENGINE HP
FUEL CELL —  WATT-HRSLB FUEL WATT-HRS

WATTS.LB OF FUEL CELL WATTS

B.2-12
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MDC E0377 PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-5 DESIGN DATA SUMMARY (RESUPPLY) PAGE 3 OF 8
CONFIGURATION r DELTA ORBITER lBY l DATE 115 June 19]1

27 - 29 PROPELLANTS EXPENDED

RANGE ~ NA Ml ()
GROUND MILES
HEAD WIND ALLOW.
CONTINGENCY

EQUIVALENT BURN TIME AT
FULL THRUST PROVIDED
FOR LANDING GO-AROUND-MINUTES

%% 37 PLUS 1% LOAD ALLOWANCE FOR MIN. ISP LOADING

ASCENT CRUISE MANEUVER ATTITUDE
OXIDIZER FUEL RATIO
(BY WEIGHT) 6 N/A 5 & 3,53 5 & 3,53
OXIDIZER ULLAGE VOLUME
— PERCENT" 5, 5%% 25.3 25.3
FUEL ULLAGE VOLUME
— PERCENT® 5,5%% 15.8 15.8
FUEL DENSITY - PCF 4,395 4,37 4.37
OX!DIZER DENSITY — PCF 71.0 70.6 70.6
FUEL BIAS — PERCENT _ .25
INCREMENTAL VELOCITY - FPS (14725 ) 1500 N/A
INERTIAL 14126
ANGLE OF ATTACK 60
GRAVITY LOSSES 213
DRAG LOSSES 2
BACK PRESSURE LOSSES 29
FLT. PERFORMANCE
RESERVE 295

* BASED ON NOMINAL LOADING (INCLUDE EXTRA TANK VOLUME PROVIDED FOR OFF-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT LOSSES.

B8.2-13
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MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-6 SENUENCED MASS PROPERTIES SUMMARY nc/14/71
25K 55 DEG MISSION W/ABES
(DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL. PITCH YA
(L3) CIMCID PRODUCT OF INERTIA
ROL-PIT PIT-YA! YAJ-ROL
(SLUG-FEET 50./190C.)
HING 31587. 17328, 0. 174, 549, 213, 962,
0. 9. Yy,
TAILS 5104, 2054, 0. 632. 2. 11. 11.
: 0. 0. 2.
30DY 55500, 1292, 0. 291, 171. 2605, 2551.
0. 0. 82.
TIHERMAL PROT 32847, 1353, -0. 191, 3838, 2734, 3095,
-0. =0, -6,
LANDING/DNOCK 10551, 1438, -0. 129. 1n2. 432, 452,
-0 . =0 . - 3() 0
PPOP-ASCENT 26627, 18€3. y, 320. o, 16, 305.
-3. -1, 3.
PROP-CRUISE 15273, 15933, 1. 123, 219. 36, 237.
-0. 0. 6.
PROP-AUXIL 11877. 1291. 6. 320, 31. 677. 691.
-0. 1. -28.
PRIME POWER 2272. 1015, -31. 258, 1. 264, 265,
-12. -0. 9.
ELEC DIST 1303, 832, -16. 235. 0. L8, 48,
-2, -0, 2.
HYDRA DIST 2760. 1705, -52, 262. 5. 42, 4r,
-2. -0. 3.
SURF CONTROL 4301, 1944, 0. 308, 22. 33. 71.
0. 0. 7.
AVIONICS 4588, 1030, 1. 384, 172, 101. n9.
1. -0, -5.
EMVIP COMTRL 7847, 1124, n, 363, 0. 90. 74,
0. 0. 0.
PEPSML PROV 439, N€2. 7. 451, 0 0. 0.
-0 -0, -0,
ABORT 0. a, 0. 0. 0. 0. 0.
0. 0. 0.
BALLAST 0. 0. 0. n. ) 0. 0.
0. J. 0.
GROVWT 1/UNCER 21718, 1488, 7. 257, 0. 0. 0.
0 0. 0
DRY JEIGAT 235136, 1487, -0, 2593. 20230, 11571. 12260,
-11. 1. 122,
PERSONNEL 526, 951. -1, 455, 0. 0. 0.
-0. -0. -0,
LANDED CARGO 25000, 1h20. 0. hnn, 22. 256. 256,
0. 0. 0.
RESIDN FLUIDS 4205, 1389, 0. 282. 22. 253. 233.
0. 0. -19.

B.2-14
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-6 (Cont.)
SEOUENCED MASS PROPERTIES SUMMARY n6/1bu/71
25K §5 DEG MISSIOM W/ABES
(DELTA ORBITER)
DESCRIPTION CUPRENT CEMTER OF GRAVITY HOMEHT OF INERTIA
WEIGHT X Y 7 ROLL PITCH YA
L) CTNCHD PRODUCT OF INERTIA
ROL-PIT PIT=-YAS YAU-ROL

(SLUG-FEET 57,/12002.)

INERT UEIGHT 265727, 1478, -0, 273, 2180, 12251, 12824,
-11, 2. o,

RESERVE FLDS 3321, 1632, 0. 311, 17. 260, 268,
9. 0. -23.

LAMDING IT 2733556, 1483, -0. 274, 2109, 12554, 13133,
-11. 2. 23,

CPUISE PROP 1177. 1068, 0. 1774, -n27. -2N1. 31.
0, 9. -115,

FLIGIT UT 274533,  1U85, -0, 278, 2142, 12582, 13224,
-11. 2. 9.

ENTPY ACS 1334, 1h76., -0. 323, -257. -123. 75.
-0. -0, 14,

EMTRY T 2763f7, 1485, -0, 282, 2047, 1246020, 13297,
-11. 2. 20.

RETRO PROP J4pn,  17H1. 0. 283. 14. 311, 322,
J. 0. -27.

PRE PETRO UT 285726, 1493, -0, 282, 2065, 12064, 13750.
-11. 2 -6

ON OP2 LOSS 7401, 1511, 0, 303, 11, k17, 421,
9. -0, =36,

LANDED CARGO -25000, 1420, 0. 4nn, -22, -25A. =256,
0. J. 0.

ASCENT CAPGO 25000, 1429, 0. non, 22, 256. 256.
0 9. 0.

ON ORBIT T 273127, 1434, -0, 283, 2077. 13482. 14172,
-11. 2. =42,

MANEUVY PROP 13529, 1741, 0. 283, 23. T 4co,
0. J. -39,

DUMPED PROP 10423, 812. 0. 228, 5. 82. 87.
-0, 0. =-0.

INJECTION UT 317147, 1432, -0, 2B1. 2110. 15231. 15934,
-11. 2. 2.

B8.2-15
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B,2-6 (Cont.)
SENUENCED MASS PROPERTIES SUMMARY neE/1h/71
25K 55 DEG MISSION ' /ABES
(DELTA ORBITER)
DESCRIPTION CURREMNT CENTER OF GRAVITY MOMENT OF THERTIA
UEIGHT X Y Z ROLL PITCH YA
%)) CINCHD) PRODUCT OF TMERTIA
ROL=-PIT PIT=-YAJ YAY-ROL
(SLUG-FEET $0,/1000.)
ASCENMT PROP 131304, 297, 0. 228, 113, 1246, 2049,
0, 0. -0,
75% JURY Ly3053,  1333. -0, 245. 2267, 21370, 22720,
-12. 1. 517.
ASCENT PROP 131746, 388, 0. 228, 89. 1402, 1510,
9. 9. 1.
59% BURN 580729, 1237, -0. 257. 2388, 27825, 287073,
-13. 1. 386,
ASCENT PROP 121015, 753. 0. 228, 6, 17734, 1358,
0. 0. 0.
25% JURN 712414, 114D, -Q. 252, 2u71, 34156, 35008,
, ~-1h, 1. 1203.
ASCEMNT PROP 131412, 537, 0. 228, 82, 812, 975.
-0, 0. 0.
IGNITION Jhuin26, 1363, -0. 248, 2568, h2505, 43426,
‘15. 1- 1517-
STARTUP 1262, B51. 0. 228, 1. 24, 25.
0. 0. n.
LAUNGT YT 845338, 1062, -0. 248, 2567, hoshg, 43468,
-15. 1. 151D,
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Space Shuttle Program — Phase B Final Report

MDC E0377 PART I
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.2-7 MISSION WEIGHT SUMMARY (RESUPPLY MISSION)
CONFIGURATION | [ Y ] JDATEI
CODE SYSTEM
A B C D E F G H
1 | WING GROUP 57954
2 | TAIL GROUP 19214
3 | BODY GROUP 148599
4 INDUCED ENVIR PROTECTION 84807
5 | LANDING, RECOVERY, DOCKING | 25885
6 | PROPULSION=-ASCENT 123320
7 | PROPULSION--CRUISE 37053
8 | PROPULSION=~AUXILIARY 2396
9 | PRIME POWER 3582
10 | ELECT CONVER & DISTR 1818
1 HYDRA CONVER & DISTR /282
12 SURFACE CONTROLS 11320
13 | AVIONICS 4941
T4 | ENVIRONMENTAL CONTROL 2058
15 | PERSONNEL PROVISIONS 288
16 | RANGE SAFETY & ABORT
17 |BALLAST
18 GROWTH UNCERTAINTY 45054
19
SUBTOTAL DRY WEIGHT' (578571
20 | PERSONNEL 522
21 | CARGO
22 | ORDNANCE
22 | RESIDUAL FLUIDS 14567
24
SUBTOTAL INERT WEIGHT 1593660
75 |RESERVE FLUIDS 27245127245 | 27245 | 27245 (27245 245
26 |IN FLIGHT LOSSES 3784722847 | 22847 | 2035
27  {PROPELLANT-ASCENT ~ }038600,151930p
75 |PROPELLANT—CRUISE 97000197000 | 97000 | 97000 |10000 | 10000
79 |PROPELLANT-MANEUY ACS 1212, 1212 | 1212
20
TOTAL GROSS-wE'GHT LB 3780564 |226126/7419647719940 630905 [603905
DES.GHATORS: NOTES & SKETCHES:
EVENTS
A LAUNCH WEIGHT _
8 __ 50% BURN
C ___ BURNOUT
O__ START CRUISE
r__ END CRUISE
r ___ LANDING
: , H
N

B.2-17
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

(RESUPPLY) %

TABLE B.2-8 GROUP WEIGHT STATEMENT lPAGE 1 OF 8
CONFIGURATION [CANARD BOOSTER BY DATE |15 June| 1971

1. WING GROUP CARRY EXPOSED 57954
IHRQUGH SURFACE _
BASIC STRUCTURE ( ) ( )
TORQUE BOX
LEADING EDGE
TRAILING EDGE
SECONDARY STRUCTURE
VARIABLE GEOMETRY 'INCL ____ L BS MECHANISM)
DOORS, INSULATION, FAIRINGS
CONTROL SURFACES SURFACE SUPTMECH
AILERONS — INCL. BAL WT LB)
T.E. FLAPS
L.E. FLAPS
SPOILERS
SPEED BRAKES

2. TAIL GROUP VERTICAL HORIZ 19214

BASIC STRUCTURE { o ) -
TORQUE BOX
CARRY THROUGH
LEADING EDGE
TRAILING EDGE

SECONDARY STRUCTURE

CONTROL SURFACES %uRFACE SUPT'_QM -
RUDDER (INCL. BAL WT______ LB)
ELEVATOR INCL. BAL WT_____ LB)

3. BODY GROUP 148599
INTEGRAL TANKAGE —
FUEL TANK
OXIDIZER TANK
BETWEEN TANKS (CMN BLKHD)
INSULATION
BASIC STRUCTURE FWD. CTR, AFT, T SKIRT
( ) ) ) )

SIDEWALLS
BULKHEADS
PARTITIONS —
THRUST STRUCTURE /MAIN ASCENT ENGINE)
SECONDARY STRUCTURE
CREW COMPARTMENT ]
EQUIPMENT COMPARTMENTS
RADOME 'ANTENNAS
SPEED BRAKES
ENGINE HEAT PROTECTION
INTERSTAGE (INCL. MECH. LBS)
DOORS 'FAIRINGS
GEAR WING PROVISIONS
CONTINGENCY

NOTIL: SUBSYSTEM DETAILS ARE LISTED ONLY WHERE SUBSYSTEM TOTAL IS
DIFFERENT THAN FOR EASTERLY MISSION.

B.2-18
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
(RESUPPLY)
TABLE B,2-8 GROUP WEIGHT STATEMENT PAGE 2 OF 6
CONFIGURATION [ CANARD BOOSTER IBY I DATE [15 June 1911

4. INDUCED ENVIRONMENT PROTECTION
THERMAL PROTECTION WING HOR. TAIL VER. TAIL BODY (

LEADING EDGE “NOSE CAP*  ( ) ) ) )

SURFACE PROTECTION" ( ) ) {

BASE HEAT PROTECTION"

SOUND PROTECTION

*BREAK OUT BY TYPE OF MATERIAL

METEORITE 'RADIATION PROTECTION

84807

B.2-19
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Space Shuttle Program — Phase B Final Report

30 June 1971 DETAIL MASS PROPERTIES REPORT

(RESUPPLY)

PART I
SUMMARY

TABLE B.2-8 GROUP WEIGHT STATEMENT

lPAGE 30F 6

CONFIGURATION CANARD BOOSTER \ BY

lDATE

15 June 1971

5. LANDING, DOCKING
ALIGHTING GEAR ROLLING

STRUC- CON-
TURE TROLS

.- 25885

MAIN

NOSE
DOCKING
AUXILIARY SYSTEMS
DECELERATION CHUTES
FLOTATION GEAR
HANDL ING GEAR
CONTINGENCY
&. PROPULSION — MAIN ASCENT
ENGINE & ACCESSORIES
ENGINE (AS SUPPLIED)
GIMBAL SYSTEM
JGNITION AND CONTROL SYSTEM
PROPELLANT UTILIZATION Y
ACCESSORIES
INSTALLATION, DUCTS, SHROUDS
PROPELLANT SY
FILL DRAIN
PRESSURIZATION
VENT SY
PCV SY
PRE-VALVES
FEED SYSTEMS
VORTEX, FLOW CONTROL SYSTEM
SUPPORTS AND INSTALL
TANKAGE — NONINTEGRAL TANK  INSULATE

o O da e«

FUEL OXIDIZER

SUPTS

FUEL

OXIDIZER

CONTINGENCY
7. PROPULSION — CRUISE BACK

ENGINE & ACCESSORIES
ENGINE
IGNITION ANDCONTROL SY
LUBRICATION SY (DRY)
ACCESSORIES

INSTALLATION, DUCTS, SHROUD
AIR INDUCTION
ENGINE MOUNTING
NACELLES PYLONS INCL L B MECH!
EXHAUST SY

PROPELLANT SY
FiLL DRAIN
PRESSURIZATION (DRY)
VENT SY
PUMP
FEED SY
TRANSFER §Y

DUMP SY
SUPPORTS/INSTALLATION
TANKAGE — NON INTEGRAL TANK  INSULATE

SUPTS

FUEL

CONTINGENCY

37053

123320

= B.2-20
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MDC E0377 Space Shuttle Program — Phase B Final Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

(RESUPPLY)

 TABLE B.2-8  GROUP WEIGHT STATEMENT _ | PAGE 4 OF 6

CONFIGURATION 1 CANARD BOOSTER BY DATE 15 June 1971

8. PROPUL SION ~ AUXILIARY ATT, . MANEU- 5396
CONTROL _VER

THRUSTER INSTALLATION
THRUSTER
ACCESSORY
PROPELLANT SY
FILL DRAIN
PRESSURIZATION
VENT
FEED SYSTEM
DUMP SYSTEM
SUPPORTS
TANKAGE
TANKS
INSULATION
SUPPORTS
CONTINGENCY
9 PRIME POWER POWER MTG ~  PROPEL TEMP CON- 3582
UNIT INSTAL TANK/SYS CONTROL TROLS JOTAL
BATTERIES { )
ENGINE TURBINE { )
FUEL CELL S

10- ELECTRICAL SUPPLY CONVER. CONTROL 1818
- SIQN UNITS -
EQUIPMENT
DISTRIBUTION AND CONTROL CIRCUITRY
UTILITY SYSTEMS
SUPPORTS/INSTALLATION

1. HYDRAULIC PRIMARY UTILITY EMERG 7282

{ j y o )

POWER SUPPLY
DISTRIBUTION CONTROL CTR
TEMPERATURE CONTROL SY
AUXILTARY SYSTEMS
SUPPORTS INSTALLATION

12. SURFACE CONTROL S 11320

COCKP!T CONTROLS )
FLIGHT CONTROL SY POWER FEEL SUPTS (SEE AVIONICPH

SYSTEM ACTUATION CONTROLS XMISSION ACTUATOR SY INSTALL.
( ) o ) { ¢ 3 )

AILERON
ELEVATOR
RUDDER

T.B FLAP
SPEED BRAKE

UNITS CIRCUITRY COOLING ANTENNAS INSTALL,

13. AVIONICS ( K ) ( ) ¢ )
GUID NAV
FLIGHT CONTROL
DATA MANAGEMENT
COMMUNICATE
CONFIG. SEQ,
INSTRUMENTATION
DISPLAYS
CONTINGENCY

4941

B.2-2}
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30 June 1971

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

(RESUPPLY)

PART |
SUMMARY

TABLE B.2-8 GROUP WEIGHT STATEMENT

PAGE 50F 6

CONFIGURATION CANARD BOOSTER BY

DATE{15 June 1

P71

15.

18.

19.

20.

21,

22.

23.

24.

14. ENVIRONMENTAL CONTROL

GAS SUPPLY SYSTEM (DRY)

GAS MANAGEMENT PROCESSING (DRY)
HEAT TRANSPORT SYSTEM (DRY)
WATER MANAGEMENT SYSTEM (DRY)

PERSONNEL PROVISIONS
SEATS '/RESTRAINT SYS (NO = }
FIXED LIFE SUPPORT EQUIPMENT
EMERGENCY EQUIPMENT
CARGO HANDLING
FURNISHINGS

16. RANGE SAFETY AND ABORT

17. BALLAST

GROWTH/UNCERTAINTY

OPEN
SUBTOTAL /DRY WEIGHT}

PERSONNEL
£ MAN GARMENTS HELMET SUIT

CREW

PRESS.

PASSENGER '

PERSONEL GEAR 'ACCESSORIES
LIFE SUPPORT

FOOD

EQUIPMENT - PORTABLE

CARGO
ORCNANCE

RESIDUAL & UNJSABLE FLUIDS
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
APU
HYCRAULIC
MISCELLANEOUS

CPEN
SUBTOTAL {INERT WEIGHT)

2058

288

45054

(578571}

0

522

14567

593660

}
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PART I
SUMMARY

TABLE B.2-8

GROUP WEIGHT STATEMENT

PAGE 6 OF &

CONFIGURATION

CANARD BOOSTER BY

DATE (15 June 1971

25. RESERVE FLUIDS
ASCENT
CRUISE
MANEUVER

ECS
APU
HYDRAULIC

26. INFLIGHT LOSSES
ASCENT
CRU!SE
MANEUVER

ECS
EPS
HYDRAULIC

ATTITUDE CONTROL

ATTITUDE CONTROL

27. PROPELLANT - ASCENT

28. PROPELLANT - CRUISE

29. PROPELLANT - MANEUV 'ACS

TOTAL 1GROSS WEIGHT)

27245
-0
27000
0
54
0
191
0
22847
3038600
97000
MANEUV. ACS
1212
(3780564 i
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TABLE B.2-9
DESIGN DATA SUMMARY

(CANARD BOOSTER, RESUPPLY MISSION)

Pages 1 thru 7 of Design Data Summary are the same
as for FEasterly Mission except Growth/Uncertainty
which changes from 42009 to 45054 1b. The 4V's on

page 8 are revised as shown on the following page.

B.2-24
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~ TABLE B.2-9 DESIGN DATA SUMMARY PAGE 8 OF 8
CONFIGURATION [ CANARD BOOSTER [ BY I DATE 115 June 1971

(25K, 55° RESUPPLY MISSION W/ABES)

27 - 29 PROPELLANTS EXPENDED
ASCENT CRUISE MANEUVER ATTITUDE
OXIDIZER FUEL RATIO
{BY WEIGHT)
OX!DIZER ULLAGE VOLUME
- PERCENT"
FUEL ULLAGE VOLUME
— PERCENT"
FUEL DENSITY — PCF
OXIDIZER DENSITY - PCF
FUEL BIAS - PERCENT e
INCREMENTAL VELOCITY - FPS (12098 )
INERTIAL 10927
ANGLE OF ATTACK __38__
GRAVITY LOSSES 330
DRAG LOSSES o
BACK PRESSURE LOSSES 268

FLT PERFORMANCE
RESERVE -

RANGE — NA MI (605 ,
GROUND MILES 453
HEAD WIND /ENGINE OUT ALLOW. 152
CONTINGENCY

EQUIVALENT BURN TIME AT
FULL THRUST PROVIDED
FOR LAND ING GO-AROUND-MINUTES TS S

- BASED ON NOMINAL LOADING "INCLUDE EXTRA TANK VOLUME PROVIDED FOR OF F-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT L OSSES.

NOTE: ABES = ORBITER AIRBREATHING ENGINE SYSTEN
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S
TABLE B.2-10 SENUENCED MASS PROPERTIES SUMMARY N6/16771
CANARD BOQSTEP 55 DEG MISSION
DFSCRIPTION CURREMT CENTCP OF GPAVITY MAMENT OF INERTIA
HETGHT X Y Z RNLL PITCH YA
Lnd CINCHD PRODUYCT OF TMNERTIA
ROL=-PIT PIT=-YAY YAY-ROL

(SLUG=FEFT $n,/1000,)
UING 57254, 3797, n. 597, 261383, a4n, 2809,
0. 9. 1£.
TATLECAMNAPD 19214, 3278, 0. 475, 2UAF, 4689, 6714,
0. 0. 389,
nopy 148599, 2816, 0. 305, 985,  207ho, 20713,
. n. -119,
T IFRMAL PROT 9807, 3053. 0. hh1, 3771, 14592, 16806,
0. 0. 1124,
LAMDIMNG GEAR "58835, 3008, n. 284, 163. 3035, 2960,
0. 9. -28,
ASCENT PpPOP 123220, 13708, 0. 4zn, 2714, L7174, 4767,
5. 2. -235,
CRUISE PPOP 27053. 2111, 0. 249, 235. 1106, 1202,
1. 0. 203,
ORTENT SYS 5336, 2331, 14, 546, g, bhr, 453,
-5. 0, -1.
SURF CONTROL 11320. 3851, 0. £18, 883, 465, 1271.
n, n. 109,
PRIML POED 3582, 36540, 0, 281, 1. 22, 22,
n, 0. 0.
ELEC CON/DIS 1718, 22790, 0. 507. 2. 35, 33.
0. 0. .
HYDPAULICS 7282, 3790, 0. Lkon, I, 16, 16,
0. n, 0.
AVIOMICS a1, 1838, 0. 429, 5. 938, 237.
D. 0. 9.
LAUNCH ESC n. 0. 0. 0. n. 0. 0.
9, n 0.
FCLS 2058, 2352, 0. 435, a. 4eo, 7.
2. 9., 1h,
PERS PROV 283, 11290, 0. h23, 0. 0. 0.
9. 0. 0.
JALLAST 0, n, 0. 9, n. 7. 0.
0. 2. C.
PEND C1NGS 2. 0. 0. 0. N, 0. 0.
9. n 0.
GROWT. 1 hoosh, 30049, 0. 420, 7. 3501, 3501.
2. 0 0.
DPY YT 578571, 2163, 0. 426, 117232, R7h1y, 74850,
=14, 2. 5383,
PCRSONNEL 522, 1110, 0, has, n, 0, a.
0. 0. 0.

RESIDUALS 14567, 2845, 2. 21, 12?. 2050. 30ﬁ%. E::;?
=y, 1. .
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TABLE B.2-10 (Cont.)
SEQUENCED MASS PROPERTIES SUMMARY N6/16/71
CANARD BOOSTER 55 DEG MISSION
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y y4 " ROLL PITCH Y AW
(LB> CINCH) PRODUCT OF INERTIA
ROL=-PIT PIT-YAY YAW-ROL

(SLUG=FEET 50./1000.,)

RESERVE 10245, 3801. 0. 599. 540, 172. 711,
-1. =0, 6.

LANDING T 603305. 3165. 0. 429, 12466, n2294, 99504,
"21. 3. 5690 .

CRU RESR DMP 27000, 3845, 0. 600. 0. 0. 0.
0. 0. 0.

END OF CRUSE 630905, 3194, 0. 436, 12629, 95040, 102087,
-22u 3. 63“0 .

CRU PRO USED 87000. 2257. 0. Loo. 715. 7096, 7%88.
0. 0. 2.

APU PROP 2035, 2023. 6. 540, 0. -0. 0.
, 0. 0. 0.

CRUISE START 719940, 3077. 0. 432, 13372, 117122. 12u635.
-22. 3. 7737.

INFLT LOSS 20812, 3313. 1. 4o2, %. 2214, 2213.
=%, 0. -110

ORIENT PROP 1212. 2023. 82. 4oo. 0. 0. 0.
0. 0. 0.

PEND CHNGS 0. 0. 0. 0. 0. 0. 0.
0. 0. 0.

BURN OUT WT 741964, 3082, 0. 431. 13379. 119877. 127386.
-us. 3- 770“.

ASCENT PROP 759650. 2111. 0. 4oo. 0. k9800, 43800.
0. 0. 0.

75% BURN 1501614, 2591. 0. 415, 13458, 246127. 253558,
-22, i, 10154,

ASCENT PROP 759650, 1938. 0. 4oo, 0. 36507. 36507.
0. 0. 0.

50% BURN 2261264, 2371, 0. 410, 13484, 329113. 336517.
-11, y, 11249,
ASCENT PROP 759650, 1764, 0. 400. 0. 23195. 23195.
0. 0. a.
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TABLE B.2-10 (Cont.)
SEQUENCED MASS PROPERTIES SUMMARY 06716771
CANARD BOOSTER S5 DEG MISSION
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF ITHERTIA
WETGHT X Y z ROLL PITCH Y A
(gR:P) CINCH) PRODUCT OF TNERTIA
ROL-PIT PIT-YAY YAW-ROL
(SLUG-FFET 5°./1090.)
25% BURN 3020914, 2219. 0. 4oB. 13497. 397570. LOH9G2.
-3, I, 12010.
ASCENT PROP 759650, 1605, 0. 400, -0, 17496, 17496,
2. 0. 0.
LAUNCH T 3780564, 2095. 0. 406. 13504, 4Gusno, 71884,
3. b, 12626.
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Lo dl
e

B.3 Polar Mission Data - The following data for the polar mission is

presented in this section.

Combined Vehicle Data

Table B.3-1 - Weight Summary (Launch Condition)

Table B.3-2 - Sequenced Mass Properties Summary (Combined Vehicle)

Orbiter Data

Table B.3-3 - Mission Weight Summary
! Table B.3-4 - Group Weight Statement
Table B.3-5 - Design Data Statement
Table B.3-6 - Sequenced Mass Properties Summary

Booster Data

Table B.3-7 - Mission Weight Summary
Table B.3-8 - Group Weight Statement
Table B.3-9 - Design Data Statement

Table B.3-10- Sequenced Mass Properties Summary

B.3-1



Space Shuttle Program — Phase B Final Report

MDC E0377 PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
TABLE B.3-1 WEIGHT SUMMARY (LAUNCH CONDITION) (POLAR MISSION)
CONFIGURATION| CANARD BOOSTER DELTA QRBITER | BY | [paTE |
ITEM OR MODULE
CODE SYSTEM BOOSTER EST CAL ACT ORBITER EST CAL ACT
1 WING GROUP 57954 31587
2 TAIL GROUP 19214 5104
3 BODY GROUP 148599 55500
4 INDUCED ENVIR PROTECTION 84807 32847
3 LANDING, RECOVERY, DOCKING| 25885 10551
6 PROPULSION—ASCENT 123320 26637
7 PROPULSION-CRUISE 37053 574
8 PROPUL SION=AUXILIARY 5396 11877
9 PRIME POWER 3582 2272
10 ELECT CONVER & DISTR 1818 1303
11 HYDRA CONVER & DISTR 7282 2760
12 SURFACE CONTROLS 11320 4901
13 AVIONICS 4941 4588
14 ENVIRONMENTAL CONTROL 2058 7849
15 PERSONNEL PROVISIONS 288 430
16 RANGE SAFETY & ABORT 0
17 1 BALLAST 0
18 GROWTH UNCERTAINTY 42483 23086
19
SUBTOTAL (DRY WEIGHT) [(576000) (221866)
20 PERSONNEL 522 626
21 CARGO 40000
22 ORDNANCE 0
23 RESIDUAL FLUIDS 14127 4001
24
SUBTOTAL (INERT WEIGHT) k590649) (266493)
25 RESERVE FLUIDS 11245 16178
26 IN FLIGHT LOSSES 22847 9788
27 PROPELLANT~ASCENT BO38600 548927
28 PROPELLANT~CRUISE 91000 0
29 PROPELLANT-MANEUVY ACS 1212 12022
30 |OMS FILLUP INCREMENT
ORBITER STARTUP
TOTAL (GROSS-WEIGHT) LB 3755553) (853408)

DESIGNATIONS:

CLASS OF WEIGHT

EST — PERCENT ESTIMATED WEIGHT
CAL - PERCENT CALCULATED WEIGHT
ACT — PERCENT ACTUAL WEIGHT

NOTES & SKETCHES:

(1) Gross Liftoff Wt = 4608961 Lb

(2) Weights shown are for the "Analysi
Vehicle". Orbiter weights differ
from those presented in Report
E0403 for the "Final Design
Baseline" by the pending changes
shown in Table 2-2,

B.3-2
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TABLE B.3-2 SENUENCED MASS PROPERTIES SUMMARY

DESCRIPTION

ORBITER SEP
BOOSTER BO

BURN OUT WT

ASCENT PROP

75% BURN

ASCENT PROP

50% BURN

ASCENT PROP

25% BURN

ASCENT PROP

LAUNCH YT

Space Shuttle Program — Phase B Final Report

DETAIL MASS PROPERTIES REPORT

LOK POLAR MISSION

COMBINED CONFIGURATION

CURRENT
WEIGHT
(LB)

853407.
716953.
1570360.

759650.

2330010,

759650.

3089660,

759650,

3849310,

759650,

4608960.

CENTER OF GRAVITY

X

2093.
307’40
25“1-

2111.

2“01'

1938.

2287.

1764,

2184,

1605.

2088,

Y

(INCH)

-0,

B.3-3

z

T17.
428,

585-

4oo,

525.

uoo -«

4o,

hoo,

475.

hoo,

463.

06/12/71

PART I
SUMMARY

MOMENT OF TNERTIA

ROLL

PITCH

YA

PRODUCT OF INERTIA

ROL-PIT

PIT-YANY

YAY=-ROL

(SLUG-FEET s0.,/1000.)

2483,
-14,
13267.
-47,
22777.
-34,

0.
Ou

26560,
"27-

O.

28483,
-21.

O.
29647,

-16.
-0.

30427,
~11.

43331,

116011.
3.
247373,

19800.
0.

321387.
-1.

36507.
0

386348,
1

23195.
0.

h46671.
2.

17496,
0.

510901.
3.

yuouy,
1791.
123€26,
7172.
248676,
"1“89”.

49800,
0.

318306,
-6103.

36507.
0

381944,
1040.

23195.
0

441103,
7509.

17496,
Oo

504553,
13497.
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TABLE B.3-3 MISSION WEIGHT SUMMARY (POLAR)
CONFIGURATION } DELTA ORBITER I BY ] ]DATE 115 June
CODE SYSTEM
A B C D E F G H
1 | WING GROUP 31587
2 | TAIL GROUP 5104
3 | BODY GROUP 55500
4 | INDUCED ENVIR PROTECTION 32847
5 | LANDING, RECOVERY, DOCKING | 10551
6 | PROPULSION~ASCENT 26637
7 | PROPULSION~CRUISE 574
8 | PROPULSION-AUXILIARY 11877
9 | PRIME POWER 2272 ]
10 | ELECT CONVER & DISTR 1303
11| HYDRA CONVER & DISTR 2760 .
12 | SURFACE CONTROLS 4901
13 [ AVIONICS 4588
74~ | ENVIRONMENTAL CONTROL 7849
15 |PERSONNEL PROVISIONS 430
16 |RANGE SAFETY & ABORT 0
17 |BALLAST 0 7
18 |GROWTH UNCERTAINTY 23086,
19
SUBTOTAL (DRY WEIGHT) | 221866
20 [ PERSONNEL 626 1
21 CARGO D 40000
22 | ORDNANCE 0
| 23 |RESIDUAL FLUIDS 4001
24
SUBTOTAL (INERT WEIGHT) | 266493 266493 266493 266493 266491 266497 266493 2664
25 |RESERVE FLUIDS 16178 16174 16178 16178 10013| 10013] 100 10
26 |IN FLIGHT LOSSES 9788 782 7814 7388 3250 87 871 a
27 |PROPELLANT-ASCENT 548927| 548927 278894 0 0 0 0 0
28  |PROPELLANT~CRUISE 0 0 0 0 0 0 0 0
29  |PROPELLANT-MANEUV ACS 12022] 12022 12024 12022 10257| 5901] 1000 0
30
TOTAL (GROSS-WE!GHT) LB. 853408] 851446] 581408 302076290013]283278 278377| 276506

DESIGNATORS:

VENTS

Launch

Ignition (Effective)

50% Burn

Injection

On-Orbit

Pre~Retro

Entry

E
A
B
C
D
E
F
G
H

Landing

NOTES & SKETCHES:

B.3-4
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TABLE B.3-4 GROUP WEIGHT STATEMENT (POLAR) ]“95 10F¢
CONFIGURATION l DELTA ORBITER BY DATE |15 June| 1971
1. WING GROUP CARRY EXPOSED 31587
THRQUGH SURFACE
( YA )

BASIC STRUCTURE
TORQUE BOX
LEADING EDGE
TRAILING EDGE
SECONDARY STRUCTURE
VARIABLE GEOMETRY (INCL . L BS MECHANISM)
DOORS, INSULATION, FAIRINGS
CONTROL SURFACES SURFACE UPT/MECH
AILERONS ~ (INCL. BAL WT LB}
T.E. FLAPS
L.E. FLAPS
SPOILERS
SPEED BRAKES

2. TAIL GROUP VERTICAL _HORIZ 5104

BASIC STRUCTURE ( ) | ) -
TORQUE BOX
CARRY THROUGH
LEADING EDGE
TRAILING EDGE

SECONDARY STRUCTURE g:{ %

CONTROL SURFACES URFACE U -
RUDDER 'INCL. BAL WT__LB)
ELEVATOR 'INCL. BAL WT______LB)

3. BODY GROUP 55500

INTEGRAL TANKAGE
FUEL TANK
OXIDIZER TANK
BETWEEN TANKS {CMN BLKHD!}
INSULATION
BASIC STRUCTURE FwD. CTR,

SIDEWALLS
BULKHEADS
PARTITIONS _
THRUST STRUCTURE 'MAIN ASCENT ENGINE)
SECONDARY STRUCTURE
CREW COMPARTMENT
EQUIPMENT COMPARTMENTS
RADOME ‘ANTENNAS
SPEED BRAKES
ENGINE HEAT PROTECTION
INTERSTAGE /INCL. MECH, LBS)
DOORS ‘FAIRINGS
GEAR WING PROVISIONS
CONTINGENCY

B.3-5'
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
) TABLE B.3-4 GROUP WEIGHT STATEMENT  (poLAR) PAGE 2 OF ¢

CONFIGURATIONi [ DELTA ORBITER lBYl DATE {15 June 19}

4.

INDUCED ENVIRONMENT PROTECTION
THERMAL PROTECTION WING HOR. TAIL VER. TAIL BGDY

{

LEAD!NG EDGE NOSE CAP* ( ) ) )

)

SURFACE PROTECT!ON® ( ) {

BASE HEAT PRCTECTION®

T

SOUND PRCTECTICN
METEQORITE 'RAD:AT:ON PROTECTION

*BPREAK QUT BY TYPE OF MATERIAL

32847

B.3-6
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TABLE B.3-4 GROUP WEIGHT STATEMENT (POLAR)

lPAGE JOF &

CONFIGURATION DELTA ORBITER

[+]

l DATEllS

June 1971

5. LANDING, DOCKING
ALIGHTING GEAR
MAIN
NOSE
DOCKING
AUXILTARY SYSTEMS
DECELERATION CHUTES
FLOTATION GEAR
HANDLING GEAR
CONTINGENCY
& PROPULSION — MAIN ASCENT
ENGINE & ACCESSORIES
ENGINE AS SUPPLIED!
GIMBAL SYSTEM
IGNITION AND CONTROL SYSTEM
PROPELLANT UTILIZATION SY
ACCESSORIES
INSTALLATION, DUCTS, SHROUDS
PROPELLANT SY
FILL DRAIN
PRESSUR!IZATION
VENT SY
PCV SY
PRE-VALVES
FEED SYSTEMS
VORTEX, FLOW CONTROL SYSTEM
SUPPORTS AND INSTALL
TANKAGE — NONINTEGRAL TANK

ROLLING

STRUC-
TURE

CON-
TROLS

10551

INSULATE

FUEL

OXIDIZER

26637

SUPTS

FUEL

OXIDIZER

CONTINGENCY
7 PROPULSION — CRUISE BACK
ENGINE & ACCESSORIES
ENGINE
IGNITION ANDCONTROL SY
LUBRICATION SY {DRY)
ACCESSORIES
INSTALLATION, DUCTS, SHROUD
AIR INDUCTION
ENGINE MOUNTING
NACELLES PYLONS INCL L8 MECH)
EXHAUST SY
PROPELLANT SY
FiLL DRAIN
PRESSURIZATION (DRY)
VENT SY
PUMP
FEED SY
TRANSFER SY
DUMP §Y
SUPPORTS INSTALLATION
TANKAGE - NON INTEGRAL TANK

INSULATE

SUPTS

FUEL

CONTINGENCY

574
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TABLE B.3-4

GROUP WEIGHT STATEMENT

(POLAR)

l PAGE 4 OF 6

CONFIGURATION T DELTA ORBITER
1

BY

DATE

15 June 1971

8. PROPULSION — AUXIL!ARY

THRUSTER INSTALLATION
THRUSTER
ACCESSORY
PROPELLANT SY
FILL DRAIN
PRESSURIZATION
VENT
FEED SYSTEM
DUMP SYSTEM
SUPPORTS
TANKAGE
TANKS
INSULATION
SUPPORTS
CONTINGENC™
9 PRIME POWER POWER
UNIT

ATT.
CONTROL

MTG ' PROPEL TEMP

CON-

INSTAL_ TANK/SYS CONTRCL TROLS

MANEU-

VER

TOTAL

BATTERIES

ENGINE TURBINE

FUEL CELL

10 ELECTRICAL

EQUIPMENT

DISTRIBUTION AND CONTROL CIRCUITRY
UTILITY SYSTEMS
SUPPORTS/INSTALLATION

TL HYDRAULIC

POWER SUPPLY
DISTR'BUTION CONTROL CTR
TEMPERATURE CONTROL SY
AUXILTARY SYSTEMS
SUPPORTS INSTALLATION

12. SURFACE CONTROLS

COCKPIT CONTROLS
FLIGHT CONTROL SY

SYSTEM ACTUATON

SUPPLY CONVER. CONTROL
SION UNITS

PRIMARY UTILITY

EMERG

i i i

CONTROLS XMISSION ACTUATOR SY

POWER FEEL

{ }

}( ) )

SUPTS 'SEE AVIONICE
INSTALL.

11877

2760

AILERON

ELEVATOR

RUDDER

TE FLAP
SPEED BRAKE

) ¢ )

UNITS CIRCUITRY COOLING ANTENNAS INSTALL.
13. AVIONICS ! )

GUID NaAYV

FLIGHT CONTRCL

DATA MANAGEMENT

COMMUNICATE

CONFIG. SEQ,

INSTRUMENTATION

DISPL.AYS

CONTINGENCY

2272

1303

[ 4901

o]

B.3-8
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TABLE B.3-4 GROUP WEIGHT STATEMENT  (POLAR) JPAGE 50F 6
CONFIGURATION DELTA ORBITER o BY DATEl 15 June 1p71

14. ENVIRONMENTAL CONTROL
GAS SUPPLY SYSTEM (DRY)
GAS MANAGEMENT . PROCESSING (DRY)
HEAT TRANSPORT SYSTEM (DRY)
WATER MANAGEMENT SYSTEM (DRY)

15. PERSONNEL PROVISIONS
SEATS RESTRAINT SYS (NO = )
FIXED LIFE SUPPORT EQUIPMENT
EMERGENCY EQUIPMENT
CARGO HANDLING
FURNISHINGS

16. RANGE SAFETY AND ABORT

17. BALLAST

18. GROWTH/UNCERTAINTY

19. OPEN
SUBTOTAL /DRY WEIGHT)

20. PERSONNEL

|

PRESS.  ACCESS

MAN GARMENTS HELMET  SUIT ORIES

CREW { )
PASSENGER ( )

PERSONEL GEAR/ACCESSORIES
LIFE SUPPORT
FOOD

|

EQUIPMENT ~ PORTABLE —_—

21. CARGO
22. ORDNANCE

23. RESIDUAL & UNUSABLE FLUIDS
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
EPS
HYDRAULIC
MISC. (SHOCK STRUT, ETC.)

24. OPEN

SUBTOTAL (INERT WEIGHT)

737
—
1430

Incl Maneu
621
___ 9
1087

126

7849

430

(221866)

626

40000

4266493 )
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TABLE B.3-4 GROUP WEIGHT STATEMENT (POLAR) [ PAGE 6 OF 6
CONFIGURATION DELTA ORBITER BY DATE |15 June 1971

25. RESERVE FLUIDS 16178
ASCENT 6184
CRUISE 0
MANEUVER 8082
ATTITUDE CONTROL 1662
ECS 102
EPS 0
HYDRAULIC 148

26. INFLIGHT LOSSES 9788
ASCENT 6467
CRUISE 0
MANEUVER 1552
ATTITUDE CONTRGL Incl Maneu
ECS 324
EPS 640
HYDRAULIC 805

27. PROPELLANT - ASCENT MAIN  AUXTILIARY | 548927

526559 22368
28. PROPELLANT - CRUISE 0
MANEUV. ACS
29. PROPELLANT = MANEUV 'ACS 10359 1663 12022
TOTAL ‘GROSS WEIGHT} (853408 )

B.3-10
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N TABLE B.3-5

DESIGN DATA (DELTA ORBITER,
40K POLAR MISSION)

Pages 1 thru 7 are the same as shown for the Easterly

Mission in Section 4. Page 8 follows.
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TABLE B.3-5 DESIGN DATA SUMMARY (POLAR) PAGE 8 OF 8 §
CONFIGURATION I DELTA ORBITER lBYl 0”515 June 197]

27 - 29 PROPELLANTS EXPENDED

ASCENT CRUISE MANEUVER ATTITUDE
OXIDIZER FUEL RATIO

BY WEIGHT) 5 N7A 5§ 3.53 5§ 3.53
OXIDIZER ULLAGE VOLUME

~ PERCENT" Tl 49.9 49.9
FUEL ULLAGE VOLUME
FUEL DENSITY — PCF 4.395 4.37 4.37
OXIDIZER DENSITY — PCF /1.0 70.6 70.6
FUEL BIAS - PERCENT __1_554;_1’._ s )
INCREMENT AL VELOCITY - FPS  ( 2 ) N/A

INERTIAL _ 13905

ANGLE OF ATTACK 8

GRAVITY LOSSES 220

DRAG LOSSES -2

BACK PRESSURE LOSSES 29

FLT. PERFORMANCE

RESERVE 304

RANGE — NA MI )
GROUND MILES
HEAD WIND ALLOW.
CONTINGENCY

EQUIVALENT BURN TiME AT
FULL THRUST PROVIDED
FOR LANDING GO-AROUND-MINUTES

* BASED ON NOMINAL LOADING (INCLUDE EXTRA TANK VOLUME PROVIDED FOR OFF-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT LOSSES.

*% 3% PLUS 1% LOAD ALLOWANCE FOR MIN ISP LOADING

B.3-12
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TABLE B.3-6

DESCRIPTION

HING

TAILS

30DY

THERMAL PPOT
LANDING/DOCK
PROP-ASCENT
PROP-CRUISE
PPOP=-AUXTL
PRIME POIUER
ELEC DIST
AYDRA DIST
SURF CONTROL
AVTONICS
ENVIPR CONTRL
PERSNL PROV
ABORT
BALLAST

GROWTi1/UNCER

DRY UEIGIT

PERSONNEL
LANDED CARGO

RESID FLUIDS

Space Shuttle Program — Phase B Final Report

PART |
DETAIL MASS PROPERTIES REPORT SUMMARY
SEQUENCED MASS PROPERTIES SUMMARY 06714771
40K POLAR MISSION
(DELTA ORBITER)
CURRENT CENTER OF GRAVITY MOMENT OF IMNCERTIA
WEIGHT X Y 7 ROLL PITCH YA
) CINCH) PRODUCT OF THERTIA
ROL-PIT PIT-YAY YA{=-ROL
(SLUG-FEET 5N./129100.)
31587, 1738, 0. 124, 549, 423, 962,
n. 0. ly,
5104, 2054, 0. 632. 2. 11, 11.
9. 0. 2.
55500, 1202, 0. 291. 121. 2605, 26551,
0, 0. 82,
22847, 1353, 0. 191. 388. 2734, 3092.
-0. -0, -6,
17551, 1438, -0. 129. 102. 32, 5o,
-0. -0. -36.
26627, 1863, L, 320, L2, ¢, 395.
-3- "1- 3.
574, 1542, 25. 288, 3. 2. y,
n. -0, -0,
11877. 1291, 6. 320, 31. 677. 691,
-0. 1. -28,
2272, 1015, -31. 258. 1. 264, 265,
-12, -0, 9.
1303, 832, -16, 235, 0. 48, 48,
-2, -0, 2.
2760, 1705, -52, 262, 5. 42, us,
-2, -0, 3
4301, 1944, 0. 308, n2. 33. 71.
0. 0. 7.
538, 1030, 1, 384, 12, 101. 97.
' 1. -0. -5.
7849, 1124, n. 363, 2. 9. 74,
0. 2. 0.
430, 962, 7. 51, 0. 0. 0.
-0, -0. -0.
0. 0. 0. n. 0. 0. 0.
0. n. 0.
0. 0. 0. 0. 0. 0. 0.
0. 0. 0.
23936, 1479, 0. 267, 0. n. 0.
0. 0. 0.
221865, 1477, -0. 267, 1753, 11431, 11985,
-11, 2. 167
626, 951, -1, 455, 0. 0. 0.
-0. -0, -0.
nanna, 1420, 0. no, 35. 410, 419,
0. 0. 0.
hnno1, 1385, 0. 279. 20. 252. 233,
9. -0. -20.
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TABLE B.3-6 (Cont.)
SENUENCED MASS PROPERTIES SUMMARY 06/14/71
oK, POLAR MISSION
(DELTA ORBITER)
DESCRIPTION CURREMNT CEMTER OF GRAVITY MOMENT OF INERTIA
HEIGHT X Y Z ROLL PITCH YA
(LB QD) PPODUCT OF TNERTIA
ROL-PIT PIT-YAW YAJ-ROL

(SLUG-FEET 50./1000.)

TMERT JEIG.T 266492, 1468, -0. 290 11138, 12291, 127072,

=11, 2. 80.

RESERVE FLDS 19013, 1787. 0. 289, 17. 253. 266,

O =\ e -2“-

LAMDING T 2746505, 14793, -0, 289, 1955, 12750. 13183,

-11. 2. b3,

CRUISE PROP 37. 17869, 0, 23401, =4332. -6389, -2056,

0. 0. -3033.

FLIGIT T 276042, 1482, -0, 272, 1388. 12780, 13272.

=11, 2. 35.

ENTRY ACS 1834, 1477, -0, 307. 3. 105. 106.

-0. 0. -9,

ENTRY T 278376, 1482, -0, 272, 1991, 12886. 13373,

-11, 2. 25.

RETRO PROP 4901, 1741, 0. 283, 3. 162, 157.

O- O. -luo

PRE RETRO IT 283277. 1484, -0. 292, 1500, 13118, 13616,

-11. 2. 9.

ON ORD LOSS £735. 1506, 0. 303. 10. 381, 385,

0. -0. -33.

LANDED CARGO -400020, 1420, D. 4no, -35, -410. =410,

0. 0. 0.

ASCENT CARGO Yyoono, 1420, 0. ung, 35, 410. 410,

9. 0. 0.

ON ORBIT T 290012. 1487, -0, 292, 1710, 13500. 14002,

-11. 2. -23,

HANEUV PROP 1765, 1741, -0. 283. 3. 58. 60.

-0, 0. -5.

DUMPLD PROP 102738. 817, 0. 228. 5. 81. 85.

0. 0. 0.

INJECTION T 302075. 1465, -0. 290, 1926. 14653, 15123.
-11. 2. . =

B.3-14
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TABLE B.3-6(CONT.)
SENUENCED MASS PROPERTIES SUMMARY nG/LL/TL
40K POLAR MISSION
(DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMINT OF INERTIA
UEIGHT X Y z ROLL PITCi YA
(L) CINCH) PRODUCT OF INERTIA
ROL-PIT PIT=-YA! YA.I-ROL
(SLUG=-FEET 50,./1N020.)D
ASCFENT PROP 144181, 1054, n. 233, 132, 3587. 3593,
0. -7, 55.
75% GURN 46256, 1332, -0. 272 2127. 21862, 22330,
-12, 2. 613,
ASCENT PROP 135151, 910, 0. 220. 27. 2052, 2142,
0. 0. 2u,
50% BURN 581407, 1234, -0, 262. 2263, 27355. 28542,
-13. 1. 1038,
ASCENT PROP 135019, 787. 0. 229, 72, 1827. 1893.
0. 0. 29.
25% BURN 716426, 1150, -0. 256,  2360. 34528, 35155.
-14. 1. 1411,
ASCEMNT PROP 135N10, f21. 0. 229, 71. 1943, 2027.
. 0. 0. 35.
IGNITION 851445, 1066, -0, 252. 2469, 43347, buyol2,
-14, 1. 1785,
STARTUP 1362, 861. 0, 228, 1. 24, 25.
0. Q. n.
LAUNGH T 853407, 1066, -0. 252, 2470, 431388, bholl,
=14, 1. 1791.
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PART |
SUMMARY

TABLE B.3-7

MISSION WEIGHT SUMMARY (POLAR MISSION)

CONFIGUR'A‘AT!OAN_/l CANARD BOOSTER . [y ] [oaTE [I5 June 19
CODE SYSTEM
A B C D E F G H

1 | WING GROUP 57954
2 | TAIL GROUP 19214
3 | BODY GROUP 148599 ) T
4 | INDUCED ENVIR PROTECTION | 84807 _
5 | LANDING, RECOVERY, DOCKING | 25885
6 | PROPULSION~ASCENT 123320
7 | PROPULSION~CRUISE 37053
8 | PROPUL SION~AUXILIARY 5396 ]
9 | PRIME POWER 3582
10 | ELECT CONVER& DISTR 1818
11 | HYDRA CONVER & DISTR 7282
12 | SURFACE CONTROLS 11320
13 | AVIONICS 4941 B .
14 [ENVIRONMENTAL CONTROL | 2058[

| 15 [PERSONNEL PROVISIONS 288 1
i RANGE SAFETY & ABORT ]
7 [BALLAST 1 .
18 |GROWTH UNCERTAINTY 42483
19

SUBTOTAL DRY WEIGHT: (576000
20 PERSONNEL 522 ]
21 | CARGO '
22 | ORDNANCE o
23| RESIDUAL FLUIDS 14127
24
SUBTOTAL INERT WEIGHT: 590649 B

25 | RESERVE FLUIDS 11245111245 (11245 | 11245 [11245 245
26 |iN FLIGHT LOSSES 2284722847 | 22847 | 2035

[ 27 |PROPELLANT-ASCENT 3038600 1519300 )
2 PROPELLANT~CRU'SE 19100097000 | 97000 | 97000 |10000 | 10000
29  |PRCPELLANT-MANEUV ACS 1212 1212 | 1212
20

— S A
B TOTAL 'GROSS-WE GHT LB 755553 224225B722953700929 [611894 [600894

DESIGNATCRS:

l NOTES & SKETCHES:

EVENTS
A__ LAUNCH WEIGHT
5 50% BURN

C ___BURNOUT

D__ START CRUISE
£__ END CRUISE

F __ LANDING

G

H

B.3-16
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
(POLAR)
TABLE B.3-8 GROUP WEIGHT STATEMENT ]PAGE 10F 6
CONFIGURATION l CANARD BOOSTER BY DATE 5 Jupe 971
1. WING GROUP CARRY EXPOSED 57954

THROUGH SURFACE _
BASIC STRUCTURE ( ) )
TORQUE BOX
LEADING EDGE
TRAILING EDGE
SECONDARY STRUCTURE
VARIABLE GEOMETRY (INCL___LB}S MECHAN!SM)
DOOR&!NSULANON,FAIWNGS
CONTROL SURFACES SURFACE SUPT/MECH
AILERONS — (INCL. BAL WT LB)
T.E. FLAPS
L.E. FLAPS
SPOILERS
SPEED BRAKES

2. TAIL GROUP YERTICAL _HORIZ 19214

BASIC STRUCTURE { )y { } ‘
TORQUE BOX
CARRY THROUGH
LEADING EDGE
TRAILING EDGE

SECONDARY STRUCTURE ( ) [ 2

CONTROL SURFACES SURFACE SUPT. M -
RUDDER 'INCL. BAL WT______ LB
ELEVATOR /INCL. BAL WT_____ LB}

3, BODY GROUP 148599
INTEGRAL TANKAGE —
FUEL TANK
OXIDIZER TANK
BETWEEN TANKS {CMN BLKHD)
INSULATION ,
BASIC STRUCTURE FWD. CTR, AFT, SKIRT
( ) Yo )L )

SIDEWALLS
BULKHEADS
PARTITIONS _
THRUST STRUCTURE (MAIN ASCENT ENGINE)
SECONDARY STRUCTURE
CREW COMPARTMENT 1
EQUIPMENT COMPARTMENTS
RADOME 'ANTENNAS
SPEED BRAKES
ENGINE HEAT PROTECTION
INTERSTAGE (INCL. MECH._______LBS)
DOORS FAIRINGS
GEAR WING PROVISIONS
CONTINGENCY

NOTE: SUBSYSTEM DETAILS ARE LISTED ONLY WHERE SUBSYSTEM TOTAL IS
DIFFERENT THAN FOR EASTERLY MISSION.

B.3-17
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
(POLAR) -
TABLE B.3-8 GROUP WEIGHT STATEMENT PAGE 2 OF 6
CONFIGURATION ICANARD BOOSTER [BY l , DATE 115 June 1971
4. INDUCED ENVIRONMENT PROTECTION 24807
THERMAL PROTECTION WING HOR. TAIL VER. TAIL BODY ¢ )
LEADING EDGE 'NOSE CAP* ( ) Y ) { )
SURFACE PROTECTION® { ) | ) ) ( )
BASE HEAT PROTECT!ON® ( )
SOUND PROTECTION { )
METEORITE RADIAT:ON PROTECTION { )

"BREAK OQUT BY TYPE CF MATERIAL

B.3-18
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(POLAR)

PART |
SUMMARY

TABLE B.3-8 GROUP WEIGHT STATEMENT

IPAGE 3J0F ¢

CONFIGURATION CANARD BOOSTER

lBY

] onells June 1971

5. LANDING, DOCKING
ALIGHTING GEAR
MAIN
NOSE
DOCKING
AUXILIARY SYSTEMS
DECELERATION CHUTES
FLOTATION GEAR
HANDLING GEAR
CONTINGENCY
6. PROPULSION — MATN ASCENT
ENGINE & ACCESSORIES
ENGINE (AS SUPPLIED)
GIMBAL SYSTEM
IGNITION AND CONTROL SYSTEM
PROPELLANT UTILIZATION SY
ACCESSORIES
INSTALLATION, DUCTS, SHROUDS
PROPELLANT SY
FILL DRAIN
PRESSURIZATION
VENT SY
PCV SY
PRE-VALVES
FEED SYSTEMS .
VORTEX, FLOW CONTROL SYSTEM
SUPPORTS AND INSTALL
TANKAGE - NONINTEGRAL TANK

ROLLING

STRUC-
TURE

CON-
TROLS

25885

INSULATE

FUEL

OXIDIZER

123320

SUPTS

FUEL

OXIDIZER

CONTINGENCY
7. PROPULSION — CRUISE BACK
ENGINE & ACCESSORIES
ENGINE
{GNITION ANDCONTROL S5Y
LUBRICATION SY (DRY)
ACCESSORIES
INSTALLATION, DUCTS, SHROUD
AIR INDUCTION
ENGINE MOUNTING
NACELLES PYLONS \INCL LB MECH)
EXHAUST SY
PROPELLANT SY
FILL DRAIN
PRESSURIZATION (DRY)
VENT SY
PUMP
FEED SY
TRANSFER SY
DUMP SY
SUPPORTS/INSTALLATION
TANKAGE -~ NON INTEGRAL TANK

INSULATE

SUPTS

FUEL

CONTINGENCY

37053

'B.3-19
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Space Shuttle Program — Phase B Final Report

(POLAR)

PART I
SUMMARY

TABLE B.3-8 GROUP WEIGHT STATEMENT LPAGE 40F 6

CONFIGURATION CANARD BOOSTER BY DATE

15 June 1971

8. PROPUL SION — AUXILIARY ATT. .
CONTROL
THRUSTER INSTALLATION
THRUSTER -
ACCESSORY —_—
PROPELLANT SY
FILL DRAIN
PRESSURIZATION
VENT
FEED SYSTEM
DUMP SYSTEM
SUPPORTS
TANKAGE
TANKS
INSULATION
SUPPORTS
CONTINGENCY _
9 PRIME POWER POWER MTG ' PROPEL TEMP CON-
UNIT INSTAL TANK/SYS CONTROL TROLS

MANEU-

VER

TOTAL

BATTER!ES

ENGINE TURBINE

FUEL CELL

10- ELECTRICAL SUPPLY CONVER. CONTROL
- SION UNITS
EQUIPMENT
DISTRIBUTION AND CONTROL CIRCUITRY
UTILITY SYSTEMS
SUPPORTS/INSTALLATION

11. HYDRAULIC PRIMARY UTILITY EMERG
( y o Yo )

POWER SUPPLY
DISTRIBUTION CONTROL CTR
TEMPERATURE CONTROL SY
AUXILIARY SYSTEMS
SUPPORTS INSTALLATION

12. SURFACE CONTROLS
COCKPIT CONTROLS )
FLIGHT CONTROL 3Y POWER FEEL SUPTS

SYSTEM ACTUATION

(SEE_AVIONICp)
CONTROLS XMISSION ACTUATOR __SY = INSTALL.

{ 3 ) 3 ) (

)

5396

3582

1818

11320

il

‘AILERON

ELEVATOR
RUDDER

T.8 FLAP

SPEED BRAKE

UNITS CIRCUITRY COOLING ANTENNAS INSTALL.

13. AVIONICS ( )¢ ) ( Yo IRt

)

GUID NAV

FLIGHT CONTROL

DATA MANAGEMENT

COMMUNICATE

CONFIG. SEQ,
INSTRUMENTATION

DISPLAYS

CONTINGENCY

7282

4941

B.3-20
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
(POLAR)

TABLE B.3-8 GROUP WEIGHT STATEMENT PAGE 5 OF 6
CONFIGURATION CANARD BOOSTER BY DATE| 15 June 1p71
14. ENVIRONMENTAL CONTROL 2058

GAS SUPPLY SYSTEM (DRY)
GAS MANAGEMENT . PROCESSING (DRY)
HEAT TRANSPORT SYSTEM (DRY)
WATER MANAGEMENT SYSTEM (DRY)
288
15. PERSONNEL PROVISIONS
SEATS ‘RESTRAINT SYS (NO = )
FIXED LIFE SUPPORT EQUIPMENT
EMERGENCY EQUIPMENT
CARGO HANDLING
FURNISHINGS
16. RANGE SAFETY AND ABORT 0
17 BALLAST 0
42483
18. GROWTH/UNCERTAINTY —_
19 OPEN
76000
SUBTOTAL (DRY WEIGHT) (276000
PRESS. ACCESS 522
20. PERSONNEL —
NO MAN  GARMENTS HELMET  SUIT ORIES
CREW ( :
PASSENGER ( )
PERSONEL GEAR ‘ACCESSORIES
LIFE SUPPORT
FOOD
EQUIPMENT - PORTABLE
0
21, CARGO Y
22. ORDNANCE
23. RESIDUAL & UNUSABLE FLUIDS _ 14127
ASCENT __%;%E__.
CRUISE ___%}__
MANEUVER
ATTITUDE CONTROL __E%g__
ECS 8
APU 22
HYDRAULIC 2381
MISCELLANEOUS 40
24. OPEN 0
SUBTOTAL (INERT WEIGHT) L 590649
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CONFIGURATION

PART |
DETAIL MASS PROPERTIES REPORT SUMMARY
(POLAR)
TABLE B.3-8 GROUP WEQGHT STATEMENT PAGE 6 OF 6

CANARD BOOSTER

BY

DATE |15 June 1971

25,

26.

27.

28.

29.

RESERVE FLUIDS
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
APU
HYDRAULIC

INFLIGHT LOSSES
ASCENT
CRUISE
MANEUVER
ATTITUDE CONTROL
ECS
EPS
HYDRAULIC

PROPELLANT ~ ASCENT

PROPELLANT - CRUISE

PROPELLANT ~ MANEUV 'ACS

TOTAL {GROSS WEIGHT)

MANEUYV.

11245

22847

3038600

91000

ACS
1212

(3755553)

B.3-22



MDC E0377 Space Shuttle Program — Phase B Final Report

PART |

30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

TABLE B.3-9
DESIGN DATA SUMMARY (CANARD BOOSTER,

POLAR MISSION)

Pages 1 thru 7 of Design Data Summary are same as for
Easterly Mission except:
o Growth/uncertainty which changes from

42009 to 42483 1b

o Cruise range which changes from 450 to 439 nm,

The AV's on page 8 are revised as shown on the following page.

B.3-23
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SUMMARY

TABLE B.3-9

DESIGN DATA SUMMARY

PAGE B OF 8

CONFIGURATION [

CANARD BOOSTER l BYT

DATE 115 June 1971

OXIDIZER 'FUEL RATIO
(BY WEIGHT!
OXIDIZER ULLAGE VOLUME
- PERCENT"
FUEL ULLAGE VOLUME
- PERCENT"-
FUEL DENSITY — PCF
OXIDIZER DENSITY - PCF
FUEL BIAS - PERCENT
INCREMENTAL VELOCITY - FPS
INERTIAL
ANGLE OF ATTACK
GRAVITY LOSSES
DRAG LOSSES
BACK PRESSURE LOSSES

FLT. PERFORMANCE
RESERVE
RANGE -~ NA Ml
GROUND MILES

CONTINGENCY

EQUIVALENT BURN TIME AT
FULL THRUST PROVIDED

(40K POLAR)
27 - 29 PROPELLANTS EXPENDED

ASCENT CRUISE MANEUVER

ATTITUDE

FOR LANDING GO-AROUND-MINUTES

(510
442

HEAD WIND /ENGINE OUT ALLOW 68

— 2.1

" BASED ON NOMINAL LOADING [INCLUDE EXTRA TANK VOLUME PROVIDED FOR OFF-NOMINAL MISSIONS
AS ULLAGE BUT DO NOT INCLUDE VOLUME OF NORMAL RESERVES, RESIDUALS, OR IN FLIGHT LOSSES.
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TABLE B.3-10 »ENUEMNCED MASS PPOPEPTIES SUMMARY n6/16/771
CAMARD BOOSTER POLAR MISSION
DESCRIPTION CURRENT CENTEP OF GPAVITY MNOMENT OF INERTIA
WEIGHT X Y Z ROLL PITCH YA
) CINCHD PRODUCT OF THNERTIA
ROL-PIT PIT-YAI YAU-ROL

SLUG=FECET SD./71900.)

“ITNG 57954, 3777. 0. 597, 2038, 24y, 2897,
n. 3. 16,

TATLECAMNARD 17214, 3278, 0. 15, 2066, N8y, C714,
0. 0. 87.

BODY 148599, 2810, 0. 3975. 985, 207h9, 23717,
0. 0. -107,

THERMAL PROT 84807. 3053. 0. hha, INT71. 14592, 16206,
0. 9. 1124,

LANDING GEAR 25885, 3078, 0. 28¢, 153, 3935, 2960,
0. 0. -28,

ASCENT PPOP 123320, 3708, 0. 30, 274, L7936, Lb767.
5. 0. =235,

CPUISE PROP 27053, 2111, 0. 29, 235. 1136, 13902,
1, 0. 2973,

OPITENT SYS 5336, 2331, 14, s5h6, 8. hy7, 53,
-Sn O- -10

SURF CONTROL 11320, 3851, 0. 013, 883, 465, 1271,
9. n. 119,

PPINME POIER 3582, 365G, 0. 281, 1. 22, 22.
0. J. 2.

ELEC CON/DIS 1818. 2299. n. 507. 2. 35. 3k,
J. 9. by,

{YDRAULICS 7282, 3790, 0. hon, I, 16, 16.
: 0. 0. 0.

AVIONICS hgn1, 1838, 0. u29, 5. y38. 937.
9. Q. 3.

LAUNC{ ESC 9, 0. 0. 0, 0. 9. 0.
0. 0. 0.

ECLS 2058, 2352, 3. 435, 6. Lg2, 477,
0, 0. 14,

PERS PROV 288, 1120. 0. W23, 0. 0. 0.
0. 0. 0.

BALLAST 3. 0. 0. 0. n. 0. 0.
n. 0. 0.

PEND CAMNGS 0. 0. 0. 0. 0. 0. 9.
9, n. n.

GROWT.A 2483, 3095, 0. 42n, 92, 3301. 3301.
9, 9. 0.

DRY IT 576002, 3163, 0. 426, 1172¢€, R7211. 73887.
-11" 2. 5388-

PERSOMNEL 522, 1110. 0. has5, 0. 0. 0.
3. 0. 0.

RESTDUALS 14127. 2871. 2. ho2, 129, 2884, 2943,
=-5. 1. 46,
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TABLE B.3-10 (Cont.)
SEOUENCED MASS PROPERTIES SUMMAPRY NC116771
CANARD BOOSTEP POLAR {1ISSION
DESCRIPTION CURRENT CEMTER OF GRAVITY MOMEMT OF TNERTIA
WETGHT X Y Z ROLL PITCH YA
L) QD) PPODUCT OF ITMEPTIA
ROL=-PIT PIT-YAU YAY=-ROL

(SLUG-FEET 50,/71000.)
RESEPVE 10245, 3301, 0. 537, 542, 172. 711.
-1, -0. 6.
LANDING WT 600524, 3166 0. 429 12469, 21367. 23178,
‘21. 30 568(0
CRU RESP DMP 11000, 3845, 0, 500, 0. 0. 0.
0. 0. n.
END OF CRUSE £118924, 3178, 0. W32, 12528, 23112, 102254,
-22. 3. 5158,
CRU PRO USED 31900, 2275. 0. hoo. 714, 7018. 7512,
0. 0. 872.
AP} PROP 2035, 20213. 6. 547, 0. -0, 0.
2. 0. 0.
CRUISE START 34322, 3069, a. h23, 122€2. 113228, 120%4s,
-22, 3. 7200,
INFLT LOSS 20812, 3313. 1. ho2. 1. 2214, 22113.
-, 0. -11.
ORIENT PPOP 1212, 27%23. 82. 4ng, 0. 0. 0.
0. 2. 0.
PEND CiNG 0. 0. 0. 0, 0. 0. 0.
0 0. 0.
BURN OUT VT 716353, 3074, 9. 428, 13267, 115395, 123607.
=47, 3. 7169,
ASCENT PROP 759650, 2111. 0. hnn, N, h3800, 43800,
0. 0. 0.
75% BURN 1576603, 2579. 0, 41y, 13331. 239740, 247292,
~-22. y, 9312,
ASCENT PROP 759650, 1738, 0. unn, 0. 36507. 36507,
9, n. 0.
50% BUPN 2236253, 2361, 0. hoo, 13351, 320776. 328308,
-11. L, 10254,

ASCENT PROP 752650, 1764, 0. 4on, 9]

23195. 23195,
0. 0. 0. S
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DETAIL MASS PROPERTIES REPORT SUMMARY

TABLE B.3-10 (Cont.)

SENUENCED MASS PROPERTIES SUMMARY

6116771

CANARD BOOSTER POLAR MISSION

CURRENT CENTEP OF GRAVITY

WEIGHT X Y Z
Ls) cryeH)
2995903, 2210, 0, un7,
757650, 1605, 0. knn,
3755553, 2087, n, 4nsg,

B.3-27

MOMEMT OF THERTIA
ROLL PITCH YA

PPODUCT OF TNERTIA
ROL-PIT PIT-YA/! YAJ=-ROL

(SLUG=FECT 57,/1022.)

13361, 387576, 325770,

-3. Iy, 193070,

-1, 17496, 17496,
9, 0. n.
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Appendix C

Comparison of Phase B Shuttle Weights to

Historical Data

C.1 Summary - The Phase B Space Shuttle detailed weight calculations and
substantiating data are presented in Patts II and III of this report, In this
appendix, these weights are compared to previous aircraft and spacecraft. Gross
body, wing, tail and landing gear comparisons are presented in Section C.2., More
detailed comparisons for certain subsystems and subsystem elements are presented
in Section C.3. 1In Section C.4 weight and design data summaries are shown for
selected vehicles. 1In these summaries the weights have been regrouped to the
standard shuttle format to permit more direct comparisons to the corresponding
shuttle orbiter and booster weights,

C.2 Gross Comparisons - Our current Phase B weights are based on indepth

analyses of our Phase B point design. The resulting body group, wing, tail and
landing gear weights appear quite realistic when compared to similar weight groupings
for previous aircraft and spacecraft. No similar comparisons for thermal protection
and propulsion systems have been presented because state of the art advances in these
areas have been so significant that comparisons to past designs e.g. Apollo or
Gemini heatshield, Saturn propulsion systems, etc., are not meaningfull.

In Figure C.2-1 body group weight is plotted versus body (fuselage) wetted
area. This wetted area includes base and/or end areas. A trend line through the
data shows an average unit weight of 4.67 1bs/sq.ft, The orbiter plots very near
this line and the booster well above it. The "piggy back" orbiter, however,
introduces significant loads into the booster which were not present in the past
designs and the heavier booster weight is probably justified.

Wing group weight is plotted versus wing gross area in Figure C.2-2, The
wing gross (or theoretical) area was obtained by extending the leading and trailing

edges until they intersect and calculating total chord plane projected area

C-1
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FIGURE C.2-1
ORBITER AND BOOSTER BODY GROUP WEIGHTS

160

150 [~ i ' BOOSTER

140 - T T

130 ; T 1

120 |-

110 ) N ” /

100 P : I 4

90

\T AN |

80

N4

70 - o2
w/
y

60 = T

A ORYITER (LESS AREA INSIDE HOATTAIL)

7

50 -t

BODY GROUP WEIGHT - 1000 LBS

7
A SATURN SIJ

40 p— : —

30
A

A/‘
/A 4

B-52G

20 .

¢-13Q4 CONVA INDI CATES| TITAN| 11IC
F-111 ) & [CONVAT

4

c

C-
A" 435
IR

stve 1 | _CORE STAGES AND:

""‘A_*?’_[S""
10 A 550 MISC. FIGHTER AYC
B-28">|4 c-1438

Assx~:r/=°'A g-140
CRNTALUR

0 2 4 6 8 10 12 14 16 18 20 22 24
BODY WETTED AREA -1000 SQ.FT.

ST
(@]




MDC EO0377

30 June 1971

WING GROUP - 1000 LBS

60

50

40

30

20

10

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

FIGURE C.2-2

ORBITER AND BOOSTER WING WEIGHTS APPEAR REALISTIC
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including that submerged in the fuselage. The data shows quite a bit of scatter -

which is not unexpected. The samples shown include wings with significantly
different aspect ratios, loads, sweep angles and planform and thickness taper
ratios, all of which effect the resultant wing weights. A trend line of 10 1b/sq.ft.
appears reasonable for most of the data. The booster falls just below this line.
The orbiter falls well below the 10 1b/sq.ft. line but it is a very low aspect
ratio delta wing and a trend line of around 5 1b/sq.ft. is considered reasonable
for a wing of this type. More detailed comparisons of the wing torque boxes and
control surfaces to past hardware is included in Séction C.3.

The tail weights shown in Figure C.2-3 show scatter for the same reasons as
the wing data. Unless otherwise indicated, total tail area and total tail weight
have been used instead of plotting horizontal and vertical tails separately. A trend
line through the data shows an average unit weight of 5.5 1b/sq.ft. The orbiter and
booster tail weights each plot well above this line and therefore appear realistic

or even somewhat conservative.
Figure C.2-4 shows a suprisingly "tight" correlation of gear weights which

was obtained using only takeoff gross weight as the normalizing parameter. The
Orbiter and the Booster gear both plot below the trend line. This is not only
considered realistic but necessary for an accurate weight evaluation of gears

which have the following design and design requirement variations.

Design/Design Requirements Shuttle Typical Gear Comment
on C.2-4
o Runway Thickness 20 in, 12 in. This increases flotation
(Flotation) allowables which reduces

the tire, wheel and bogey
beam weights.

o Design Weight Landing Takeoff The ferry takeoff weight

is a design overload

condition wherever

possible.
o Brake Life 6 Landings 100 Landings Reduces brake weight E;;;§
o Brake Material Carbon Steel Considerable reduction

in brake weight (30%)
C-4
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FIGURE C.2-3
ORBITER AND BOOSTER TAIL WEIGHTS APPEAR REALISTIC
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TABLE C.2-1
LANDING GEAR WEIGHTS
VEHICLE GEAR WEIGHT TAKEOFF GROSS
LBS WEIGHT - LBS
DC-35 2019 31000
DC-6B 4401 107100
DC-7 5035 122200
DC-7B 5025 126000
DC-7C 4886 143000
Britania 310 6820 175000
Martin 404 2330 45000
Cc-74 10305 145000
YC 121F 5853 150000
C-124C 11700 185000
Convair 240 1537 39500
Convair 340 2073 45000
Viscount 800 2567 67500
Viscount 700 2263 58500
Electra 3845 113000
16494 6701 156000
C133B 10059 286000
707-345 11309 . 316000
A-3B 2914 69800
F-3B 1459 32000
F-4B 1732 43600
F-101A 1552 39900
F-1024 1056 31300
F-105B 1995 47600
F-111A 2296 90450
C-1A 1396 24800
VC-121B 4771 102200
C-123B 2372 60200
C-130E 4939 155000
C-133A 10635 275000
C-135A 10444 279500
C-140 1081 40300
C-141A 10515 318000
Convair 880 7344 180600
Convair 990 9946 245000
DC8-51 10587 278000
DC-9 3376 77800
B58A 3856 163000
C5A 37580 769000
DC-10 17308 430000
XB-70 19661 542000
BAC747 31108 713000
B52 13522 48800C
B36 18057 410000
DC-8(Stretched) 12185 355000
B47B 7986 181000
Orbiter 7980 282000
Booster 23600 722000

c-7
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It is also noted that the B52 and B58A, which were designed to Shuttle flotation
requirements, falls slightly below a line defined by the Orbiter and Booster data
points. This, without even considering the anticipated weight reduction resulting

from brake material and life differences, shows that the Shuttle gear weights are

high.
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C.3 Detailed Correlations - The correlations in this section show that major

elements of the vehicle weight, which were derived based on detailed Phase B
design analyses, also appear realistic when compared to past hardware design.
Correlations are shown for:

o Wing Group

o Tail Group

0 Integral Tankage

o Thrust Structure
The Wing and Tail group correlations are based on an MDAC Aerosurface Weight
Prediction method which is described in section C.3.5.

In any cases where weight correlations to past hardware have been used as the
basis for final detailed weights, these correlations are presented in the weight
substantiation sections of Parts II and III of this report.

C.3.1 Wing Group - Throughout the Phase B activity we have used the MDAC
aerosurface program for preliminary wing weight estimates and as a method of
scaling wing weights for vehicle sizing/synthesis analyses and trade studies.
Estimation wing weights from the Aerosurface program (AEROSURF) for the Delta
Orbiter and Canard Booster .are compared to weights obtained by detailed analysis
in Table C.3-1., This comparison shows that the aerosurface program matches the
calculated Delta Orbiter wing weight within 2.5 percent and the Canard Booster
wing within 2,8percent. These close correlations lend credence both to the
calculated wing weights and to our use of the aerosurface program in support of
trade studies and other parametric work.

Substantiation for the detailed analysis weights shown in Table C,3-1 is

presented in Parts II and III of this report.
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Table C.3-1

Comparison of Wing Weights from Detailed Analysis to Those
from Aerosurface Weight Prediction Method

Item Orbiter Booster

Aerosurf Detailed Aerosurf Detailed
Model Analysis Model Analysis

Torque Box 20163 17523 26091 26820

Leading Edge 5259 5272

Secondary Struct. 2286 2286

Control Surfaces 3044 3634

Contingency* Incl. 2872 Incl. Incl.
30752 31587 26091 26820

* The AEROSURF Model is correlated to past aircraft designs and
therefore "contingency" is inherently included.

C.3.2 Tail Group - The Aerosurface program (AEROSURF) has also been used for
preliminary weight estimates and scaling of Orbiter and Booster tails. Comparisons
of the AEROSURF predicted weights to detailed calculations for the current designs
are shown in Table C.3-2. The calculated Delta Orbiter vertical tail weight is

within 3.3 percent of that predicted by AEROSURF and the Booster vertical tails

correlated quite well on earlier checks. Due to time limitations , the

final "lazy K " booster tail design was not re-run on AEROSURF.

Table C.3-2
Comparison of Tail Weights from Detailed Analysis to Those
from Aerosurface Weight Prediction Model

Item Orbiter Booster
Aerosurf Detailed Aerosurf Detailed
Model Analysis Model Analysis
Torque Box 3128 2649
Leading Edge 731 731
Rudder 1080 1260 * *
Contingency Incl 464
4939 5104 J

* Earlier checks showed good correlations but final booster tails

were not re-run on AEROSURF

c-10
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C.3.3 Integral Tankage - Integral tank weight has been plotted versus tank
volume in Figure C.3-1 for a number of existing launch vehicle stages. In many
cases tank volumes were not available and so, for consistency, volume has been
estimated as total propellant load divided by propellant bulk density. Delta
Orbiter and Canard Booster tanks are also plotted and agree quite well with the
historical data. The tank weights and volumes shown on Figure C.3-1 are summarized
in Table C.3-3.

Table C,3-3 Propellant Container Data
Vehicle | Propellant Propellant Propellant Wt. Tank
Load -~ Lb Bulk Density | Bulk Density Weight
-Lb/cu.ft, —Cu.ft. ‘ -Lb
SIV 101100 20.1 5030 3916
SII 938700 20.1 46700 32830
SIVB 236000 20,1 11740 9133
SIC 4423300 63.0 70200 69532
Titan II 248700 74,8 3330 2830
(1st stg)
Titan II 58500 74,2 788 775
(2nd stg)
DM-21 100000 63.0 1590 1699
(Thor)
SIA 808894 63.0 12800 19582
Delta 526257 20.1 26200 20648
Orbiter
Canard 3038600 20,1 151200 102261
Booster
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FIGURE C.3-2  THRUST STRUCTURE WEIGHT IS REALISTIC
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C.3.4 Thrust Structure/Aft Skirt - Thrust structure weight is shown in

Figure C.3-2 as a function of total vacuum thrust for the Orbiter and Booster plus
a number of actual hardware designs. The current Orbiter and Booster detailed
point designs fall below a trend line through the historical data. This is
considered reasonable because the current thrust structure/aft skirt design is
based on the use of composite materials and high strength to weight alloys and
reflects approximately a 10 year state of the art advance over most of the
historical data.

C.3.5 Aerodynamic Surface Weight Prediction Method (AEROSURF) - This aero-

dynamic surface weight prediction method was originally developed by J. J. Morgan
of MDAC. It is in essence an analytically derived wing weight equation which

has been adjusted to fit actual past hardware designs. Bending material, shear
material and rib weights are estimated as a function of geometry, load and material
properties. In addition increments are included for stiffness, joints and standard
gages. Since its inception, this method has been progressively refined to more
accurately reflect load distributions, better fit available past hardware data

etc. The current method, including the equations and supporting derivations is
presented below. The correlation of this method with actual hardware is even
slightly better than shown in Figure C.3-3 because this plot has not been updated
to pick up recent minor refinements in some of the equations. A description of

AEROSURF follows.
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Thickness ratio

Normal loasd factor x factor
of safety

Load, lbs

Unit loading, lbs/in. or 1bs/sg¢.in.
Equiv or ﬁsmeared" skin thicknees
Skin thickness

Unit weight

Weight

Density

Fraction of span, exposed semi-spar
¢c.p. location as fraction of length
Planform taper ratio

Sweep angle

Sweep angle of structural axis
(normally .50 c)

Allowable shear stress
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C.3.5 (Cont,)
SUMMARY

The Aerodynamic Surface Weight prediction method (AEROSURF) is based on
the concept of a basic wing plus increments for special desigh features and
shows good correlation to existing wing and tail surfaces. The major element
is the torque tox model which consists of:

(a) An airload model for load on exposed surfaces and root bending moment
based on the method outlined in RAE transonic data Memorandum 6403
(Reference (h)).

(b) The structural arrangement is a closed two spar multirib box subjected
to vertical shear and bending moments. A straight constant section body
carrythrough is also computed. Cover skins are analyzed for bending load,
spar webs for vertical shear load and ribs for flexure induced crushing
load or cover skin stiffness.

{(¢c) The unit weight to load relationship for the cover skins and ribs is
developed from a beam column analysis of a single face corrugation panel.
A straight line approx1mation of the calculated curves is used as suggested
by Shanley, Reference (b).

(d) The loading and section areas along the span are integrated into total
wing weight by analyticel expressions. If significant geometry breaks
exist a tabulated multistation analysis is employed.

(e) Allowances are included for specific factors that are known but not
easily quantified. An overall torque box contingency factor of 20% is
developed from correlations to some 25 existing alrcraft. These aircraft
include a variety of fighters, transports, and bombers assuring the model
is valid for a wide range of loading, geometry, and structural arrangements.

AEROSURF is a significant first generation effort at prediction of a wing
(or tail) weight with minimum turn around time and effort. It contains a realistic
representation for the significant elements of a traditional design cycle and,
with the correlation factors, gives accurate quantitative answers as well as
correct trends. It is recognized that the model is not truly representative of
structural arrangements of typical low Aspect Ratio delta wings yet the correlation
with existing delta's and apparent agreement with preliminary analysis of Shuttle
wings suggests the overall welght is valid.

INTRODUCTION

Aerodynamic Surface welght prediction has been the subject of many technical
reports, studies, and discussions. Empirical methods as well as sophisticated
structural analyses have been proposed and are in use. AEROSURF employs elements
of both in obtaining a rapid method practicael for advanced design parametric
usage with sufficient analytical basis to insure validity for a wide range of
loading and geometry characteristics. It also defines the elements of & surface
in sufficient detall that the results of detail design studies can be easily
evaluated and incorporated.
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FIGURE C,3-3 GOOD CORRELATION IS OBTAINED OVER A WIDE
RANGE OF GEOMETRY AND LOADINGS
(Estimated weight is shown without the non-optimum factor)
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€.3.5 (Cont.)
" BASIC ANALYSIS MODEL

The basic analysis model for the torque box is a simple bending beam.

/7

A% 4 1 TR Ip
g :
51 dx-i-lvi-x-;h ?
—r =

The weight of the beam is the sum of the section unit weights ( A, dx)'

4
W=fPAx a,
0

Assuming both caps are equal and applied stress = allowable stress, the
cross sectlional area of the beam at x is:

2

2Py _2M apx
fh fh

A =3

The total beam weight can then be obtained by tebular setup and summation,
the multistation analysis method proposed by Kirkpatrick (Reference (j)). For
surfaces with no discontinuities the summations are performed with analytical
expresslons because they are quickly solved and lend themselves to use in
parametric studies. Letting Ap#= totel load L, the simple beam expression

becomes
y4 2 .
w=£f &de;_l_LLf_
T A h 3f h
The weight equations for a wing are developed as follows:
o from the load model, calculate the shear and bending material at a section
o determine the unit cap or web loading
o {from the structural model and unit loeding calculate the section area
o integrate the section areas over the span to obtain total weight

o add factors for unanalyzed material and correlate to existing vehicles

o develop expressions for a geometric break at the wing-fuselage attachment.

C-18
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C.3.5 (Cont.)
ATIRLOAD DISTRIBUTION

Spanwise c.p. - The variation in spanwise location of the center of
pressure with planform taper ratio A, sweepback sngle A, and Aspect Ratio AR,
is derived {rom the method of RAE Transonic Data Memorandum 6403, Zefercnce (h)
which is based on Multhopp's subsonic lifting surfece theory. Planforms with
curved leading edges and arbitrary trailing edges can be estimeted by data
presented in Reference (h) Figure C.3-4 presents the spanwise c.p ‘ (n) of
surfaces with straight leading and trailing edges as & function of A, A, and AR.

Surface Load - The wing in conventional airplane mode flight must
have a 1lift equel to the alrcraft weight times its load factor plus the balancing
tail load, normally a down load. However, the wing weight provides an inertias
relief load reducing the bending moments on the wing. The basic beam analysis
model with & uniform load distribution and a triangular bending material weight
distribution defines an inertia relief integration factor of 1/2 for the wing
weight. The wing load is therefore

L, = (wg - 1/2W,) Ny 4 Ly

Launch loads, normally critical for Shuttle wing design, are calculated separately
and input.

Body Lift - The method presented applies only to wings. At low angles
of attack the effect of the fuselage or nacelle is probably not critical, thus
body lift is calculated directly from the method outlined in Reference (h). The
loading at the centerline (no) and at the wing/fuselage attachment (nf) is calculi-
ated as follows:

CC
=L - Fing) + G(n) + 1(n)
CCL

where

F7) = (3.395 - 51 - 12 + (207 - 8.1488) n2_\/1 P

G(m) (AR Tan A te) [- 01484 (1 - 6.666 M + 7.316 ne) \/1 - T)—Q_}

n

H(M)

]1

(AR - 4) (1 + 3.5 Tan A te) [.033(1 - 11+.5n2 + 21171*) 1 - ne:l

Note if AR 4 H(M) = O
The load carried on the body is calculated as the average loading times btody span.

C.P. of Exposed Surface Lift - The body lift c.p. is calculated
assuming a straight line distribution between lift at 7y and®¢. Knowing the c.p.
of the total 1ift, the c¢.p. of the exposed surface 1ift (nex) is calculated and
referenced to exposed span

_|In - Ly Ny - Lex Mr .
Tex = Lex Ney:
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C.3.5 (Cont.)
Loac Distribution on Expcsed Surface - The calculation of loading across
the ¢§posed span by the method of Reference (h) does not lend itself to simple
equations. Sufficient sccuracy for rreiliminary estimates is obtained by 2 uniform

s . . . . / N
distribution times a factor \k cp) Preducing the same root vending moment as
. . Pa T . . . . .
calculated above, The ¢.p. of the uniform distribution airload is:

_1lf{eXN+ 1
Tun 7 3 ("xT'i‘>

The load distribution factor, Klbp’ is simply

ks = ?EE
€EP T Myy

The loading at x = Ap|CiX + (Cp - Cyg) r
bex

L 2L
where: Ap = 2% - o

—_— where Lex = load on both surfaces
Sex  bex Cr (1 +N)

The moment along the exposed span is:

s 4310
M o= k. Tex Pex J1|3X(M° + (1 - N)(m)>
’ LLp 2 2 3 1A N

where 7 = faction semispan = x/bex/2 = 0 at tip

The moment at the root is:
Loy bex“l FYNFU]
Mu k, O PR
ACp 2 2 3\AN+ 1

Sweepback and Carrythrough - A swept surface is evaluated in the same
manner as a straight wing except that structural span relpaces aerodynamic span
in the calculation of bending moment and the integration is performed along the
structural span. Unless known, use the .50 chord line, 8, as the structural
axls. The structural span is bex/z Cos 6.

The carrythrough is assumed to be a straight, constant thickness section
through the body. The vertical shear 1s reacted at the wing fuselage attach-
ment thus the carrythrough bending moment is constant and is based on sero-

dynamic span.

c-2
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SECTION BENDING LOADS

Surface Thickness - The thickuess along a span with a straight
taper 1s:

t b
ty = L _ln —%5 + (L -m) x

where:

1]

|

o
ﬂ
~~

o
o]

ct

r

tf ?T

"

mb + (1 - m) by

. Effective Thickness - The anelysis model assumes all bvending loads
are carried in the cover skins. The wing structure is considered a two flange
beam with the centroids of the flanges separated by the distance, hL,.

(@]

Representetion of Wing by equivalent two flange beam

The rotio between the effective depth, hg and the maximum depth is ke. Shanley
has jnvestigated the elfTective depth factor variation with length and location
of the box and the thickress of the flange material for several airfoils
(Reference (b)). Based on this work a nominal value of ke -8 is used. This
should be reevaluated for any new class of surfaces being examined and modified

as required.

Cap Loads - The cap load, Py, at any section is obtained by dividing

the moment My, by the thickness, ty-
Py = —
tx

1

o Lex Bex 12N mf+ (1 - X) v3)
Lcp 2 2 cos 6 3 1 +A

tp [m' + (2 - m)]

at the wing-fuselage intersection

P - Kgcp Lex Pex x 1f1+ 2\
7 ¢, 2 2cos8 301 +X
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STRUCTURAL MODEL-BENDING MATERIAL

Cover Loads - The cover skins of an aerodynamic surface are usually
subjected to longitudinal compression from spanwise bending, lateral compression
from chordwise bending and shear from torque. A rapid and logicel method of
obtaining and interacting the failure stresses from the three loadings is not
known. AEROSURF assumes the spanwise bending stresses are critical.

Cover Skin Allowable - . - o : ' L, s _4,
For the weight equations the cov- :
er skin allowable stress is de-
termined from an analysis of a -
single skin, open face corruga- 44 F%_%
tion shell. This concept 1s '

chosen for ease of analysis and A-A
the belief that the desired W8T
thickness to load relationship
is reasonably typical for most 20ty
structural configurations. 0.5t4
Analysis is based on sizing 6.0t
model geometry shown on right. 8
15.0t

s

The analysis of the single face corrugation shell is taken directly from the
beam-column analysis presented in Reference (i), A beam column is a compression
member which is also subjected to bending loads. The corrugations are analyzed
as though each pitch acts as a beam column. The beam column length 1s equel to
the interval between frames. Boundary conditions consider negligible loop
tension in the shell skin and end-fixity to be fully fixed. For analysis pur-
poses the pressure loading on the skin is chosen as 5 psi.

T T
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C.3.5 (Cont.)

The skin thickness (%) or unit weight (w) is computed for various load intensities
and plotted for the specific material and temperature under consideration. Straignt
line approximatlons of the curves are developed following the approach of Shanley,
Reference (b). The equations have the form of:

w

- o
R T

T";\

where: Cp is the intercept value or "shell" weight
Fp i1s an artificiael allowable stress for the unit load, p

The Cy term has a direct relationship to column length (rib spacing for cover
skins? as shown in Figure 6-1 where a specific aluminum alloy

W= . . P . !
W 0342 ay + o5 (.10)(144)

Note that a good fit is obtained for loadings from 1000 to 10000 pounds/inch
and rib spacing from 10 to 60 inches. Consideration is given to insuring

that CB is equal or greater than minimum gage and that FA does not exceed Ftu'
In correlations to existing aircraft where the particular slloy is not known
values of Cp = .0525 ai and Fp = 128,000 are representative values for titanium
and Cg = .035 aj and Fj = 61000 are representative values for aluminum.

Compression vs. Tensicn Cover - The beam model places the upper cover
in compression and the lower cover in tension. It could be anticipated that the
lower cover with the higher tension allowables would be lighter than the com-
pression cover. The detail weight statements of a varlety of aircraft fail to
show this trend. In fact the covers are similar in weight with no consistent
pattern as to which is the heavier. AEROSURF considers the weight of the lower
"tension" cover equal to the upper "compression" cover.

EQUATIONS FOR BENDING MATERIAL

Basic Beam Model - The basic weight of a beam was shown above to be:
v 2

_ _1pLf

W= QZT Ay dy = I 7 n

Combined Planform and Thickness Taper - A conventional surface is
tapered in both planform and thickness. The integration factor for the combined
effect is derived as follows:

op (A,
Y=1) w %
o X
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C.3.5 (Cont.)
wlere
1,2 oW 3
My = Ap Cf[)‘: + 6),‘6) X:’
hx = ; [m',e + (l - m")x]
sclving
1P 142
W= 3T hy “Am

o The integration factor, kym, is:
PLANFORIT & THICKNESS RATIO
ITHTEGRATION FACTOR - Ky

1.5 M=0
- - - i UMIFORM LOAD
- _A,<:i://;//,,f/ff// e 2 DISTRIRUTION
M=.3
1.2 — //////////// ::;:::”’//j M=.4 me tt/tr
//;7//,////,,/////,///”’/,//' M=.5 hy = Tip Thickness
/ e — M=.6 h, = Noot Thickness
8 P g g g e £ B
i 1.0 |/ ’/////::;:::EEEEEE::::::::::;:""" ﬁzigo ét—= ng ;hord
.y /Z?%Z& . Cr = Root Chord
= |
A 3 7(:&)(;——;1-)7-‘ 208 Lo +{1 - (2 -7 m+ 11 mZ'S(]-m)*ém3 Fne
,L ) (H )[ l 1-m)3 ] \I +T)[ 3(1-m)4 ]

.0

{2
<«
N
~
w
o
—

PLARTOR TAPER RATIO

Equation Development - The structural model unit weight is

w=t (.10)(14k) = Ccg + -P?- (.10)(1hk)
A

The shell portion (Cg) is independent of load and a function only of rib spacing.
The second term, 1s the same as the Ay term of the basic beam model.
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The shell portion is a function of rib spacing. FKeferences (g) snd (f) E%i;?
suggest the optimum rib plscement is near e{ = hy and that the tctal weight

is relatively insensitive to rib spacing. OSURF uses rib spacing as constant

along the structural axis with spacing equal to h at .8 bex/2 and a minimum

spacing of 10 inches.

SHEAR MATERIAL

Structural Model - The structural model has the vertical shear
carried by two spars. Torgque is not considered and the spars do not contritute
to cover stability. An expression similar to Shanley's (Reference (b)) shear
stress model is developed for AEROSJRF using the tension field analysis of
Reference (c).

The weight/load curves developed for typical aluminum and titanium webs are:

3 T2

A minimum gage web is added since the intercept term may not reflect a minimum
gage. Typical values are:

titanium CS = .OOOE, TA -29 FtUJ tmin = .02

aluminum Cg = .0005, 7A = .29 Fyy, tpin = -03

The area of two shear webs at a section is:

Loading

<= 2 tpin (8 0) + 2Cq (.8 hy) + Sy4/7p

where ij
Sy = Ap Cp [A' ¥+ (1 - 2a) )@/bex]
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c.3.5 (Cont.)

The loed distribution factor kgep is introduced to provide an artificial measure
of the actual load distribution.

Equation Development - Shear material equations are developed in the
same manner as the bending material equations.

bex
J/'E cos 8
W=EPO Axdx
o minimum gage:r
bex
= Ptpin -8 hyp (m' + 1)
‘cos 6
o shell material:
-2 pc (80,2 =X (2 4 o+ 1)
3 5 £/ cos @
¢ shear material:
¥
) 5[Cp Lex Peyx (2a' + 1)

6Ty cos § (A" + 1)

The model considers only vertical shear loads thus there is no shear load in
the carrythrough. An arbitrary closure web equal to the bending shell (CB ai)
provides an allowance for torgue and loads not accounted for in the model.

RIBS

Structural Model - Reference (g) is used as a guide for the rib model.
Full depth ribs are assumed.

Two loads are considered in rib sizing, (a) flexure induced crushing load from
spanwise bending curvature, (v) stiffness to develop the column strength of the

cover.

The flexure induced crushing load on the rib is:

b

[

N = ? Dy 84
ix  E te, hx

The stiffness to obtain column strength of the cover is:

< 67.5 My
RX - 772 ER CX a4
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BZguation Develiopment - The riv weight equation is:
: Y /2 cos 6
- 1
Wn = “€/~ t,. hy ¢y — d
R A ry X TX gy X

where t,. = larger of t,. or t
ry g ry Ry
Cp hy Nn, or = 67.5 My
T2 E Cy a8

To(L10) (k) * Fp

hxis used in place of .8 hx to provide an allowance for the rib attachment
structure. Keeping Cp greater than minimum gage 1is not critical for the rib
webs since designs using lightening holes and truss structures are practicsl
approaches.

ALLOWANCES

The total wing structural weight will be different then the "optimun"
weight defined by the prediction model. This difference is accounted for by
two metnods, (a) assessing reasonable values for known items that cannot ote
quantified by analysis and (b) including an overall non-optimum or contingency
factor for the remaining weight difference, this factor being based on cor-
relations to existing surfaces.

Joints - On any built-up structure weight pcnalties are incurrecd
for joints. Aircraft detail weight statements breakout the identifiable
elements of Joints, Splices, and Fasteners (JSF). Reference (d) data and
other detail weight statements show the following percentage of torque box
weight for JSF.

Aircraft % Aircraft % Aircraft %

B4LTB 6.3 C-135A 22.1 F-10LF 5.9
B-52A 7.9 C-133B 6.8 F-100D 13.1
B-58A 8.8 F-105F 6.2 ®-L4D 7.9
B-36A 8.9 A3J-1 8.8 A-3D-2 9.3
F-8E 7.8 X-15A 6.3 C-5A 8.6
C-119H 13.4 F-5A 10.0 DC-8-63 10.1
KC-130F 8.9 F-101B 15.7 DC-10-10 7.3

No logical trend with any geometry or loading parameters was found. Note that
differences in weight grouping may be significant and the values listed are
biased, perhaps significantly, to the low side since elements not readily
jdentifiable such as integral doublers, thicker skins or webs, "non-optimum’
load paths, overlaps, etc., are not normally included in the JSF grouping. Ten
percent of total torgque box weight is included for Jjoints.

Standard Gages - Modern aircraft use extensive machining methods,
therefore, only a small factor is anticipated for the use of standard gages and
not tapering all elements to absolute strength requirements. A thickness of
.005 inches per surface appesrs reasonable for aluminum structure to account
for this manufacturing problem. Since titanium and steel will be subjected to
even more exotic machining a unit weight of .14 psf is included for sall materials.
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C.3.5 (Cont.)

Simplified Model - The loading condition assumed in the analysis model
considers only cne flight condition. The multiple loadings on an actual surface,
HAA, LAA, Landing, torque, etc., will incresse the loads derived by the analysis
model on some or a&ll structural elements. Bending material will be affected
somewhat, shear webs and ribs tc a greater extent. Arn erbitrary 10% in berding
structure, 20% in sheer structure and ribs is included to reflect the muitiple
load conditions.

Contingency - Correlation with existing nardwere shows the
prediction model defines a weipght that 1is 207 less than the actual surfece
weight. A contingency factor is added to the model to acccun’ for this
weight. Comparison of the contingency factcr to various geometric and lcading
parameters falled to show any lecgical trends, thus there is confidence that
the model does reflect actual variations and that reslistic data is obtained
for designs and lcadings significantly different than the correlation points.

CONCENTRATED LOADS AND MOMENTS

Bending Relief - A concentrated weight will rnormally provide a
relieving load to the surface. The weight increment is derived using the
basic bending beam model

[:: : bex/g cos @ ————¢ ]
i )

Y

—— —  remm—— ——— - —— —]-—-—-ht
Mq - —_—T
We
The weizht, per side, is *
4
Wrel = j P Ay dy
(]

2MX 2wa C
x"fhx—f-}lg nl||£|+(l_ml|)x

wrere n" = hc/hf

f = Fp since shell 1s not changed

Solving 5
1
W, = e £ X
rel © Fp Bhy T

C-29



MDC E0377 Space Shuttle Program — Phase B Final Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

The total relief term

Weight = (bending exposed + bending carrythrough + shear) JSF

2
A PWe #'cos g br PyY:. Q'
W = t - . ¢ ]
rel {FA 8 hf Ky + Fp .8 hr * T 1.10

Concentrated Moment - The weight increment for a surface including
an added moment (fin) is determined as follows:

2
=2PfA dy ~2Pf =My dy

4P M £
FA 8 hf kmC

The integration factors for inertie relief loads and concentrated moments
(ky and kpe) are

2.0

\\\ Concentrated Moment ki
NN P ]

\,2
- elel] = " \~ ~ T

Concp n,rat d loag kpn —

2. n' fn n{] ‘~‘““f:===,
1.0 bl m WWH‘ n)<) - T

0 .1 .2 .3 o .5 .6 T .8 .9 1.0
Delta m" Straight

CORRELATTONS

The model derived represents the significant elements of a
traditional design cycle. Correlation is made to actual aircraft dats
of a variety of classes and geometry. The weight non-torgue box elements,
ailerons, gear back-up, flaps trailing edge wing-fold etc. are derived
using the MCAIR methods of reference (e). The equation summary and Ez;J;
correlation curve of wing torque boxes is shown on Figure C,.3-3,
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C.3.5 (Cont.)

References used in the above Description of the "AEROSURF" Weight Estimation

method are listed below.

)

b)

d)

e)

£)

g)

h)

1)

J)

"Basic Structural Shell Weight Prediction,” Weights Note E233-WE&C-7,
McDonnell Douglas Astronautics Compeny-East. (Not released)

Shanley, F. R., "Weight-Strength Analysis of Aircraft Structures,"
Dover Publicetions, Inc. 2nd Edition, 1960.

MAC Report 338, "Structural Anslysis Bulletins," McDonnell Douglas
Corporation, revised 2 January 1969.

"Hypersonic Aerospace-Vehicle Structures Program-— Volume II - Generalized
Mass Properties Analysis," AFFDL-TR-68-129, Volume II Parts 1 and II,
dated January 1969.

MAC Report 747, "Weight Estimation Handbook," McDonnell Douglas
Corporation (not released).

MAC Report 3525, "Optimum Design of Multiweb Beams in Bending,"
McDonnell Aircraft Corporation, Revised 13 March 1960.

"Optimization of Multirib and Multiweb Wing Box Structures Under Shear
and Moment Loads,” A paper by Emero, Donald H. and Spunt, Leonard, North
American Aviation, Inc. Los Angeles Div. presented at the ATIAA Conference,19(C.

Royel Aeronautical Society, Transonic Date Memorandum 6403, '"Method
for the Rapid Estimation of Theoretical Spanwise Loading due to a
Change in Incidences" Issued March 196k.

MAC 339 "Structures Handbook," McDonnell Douglas Corporation, revised
2 Januery 1969.

Society of Aeronasutical Welght Engineers Technical Report 73, "Estimation
of Wing Bending Material by Multiple Station Analysis,” A. L. Kirkpatrick

May 1952.

k) "Computer Alded Stabilator Design Including Aeroelastic Constraints,”

W. E. Tripplet and K. D. Ising, McDonnell Aircraft Corporation. Presented
at the 11th Structural, Structural Dynamics, and Materials Conference of
ATAA and ASME, Denver Colorado 22-24 April 1970 (MDC T70-006).
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C.4 Data Summaries for Selected Vehicles (Using Space Shuttle Format) - %%;;?

Weight and design data summaries are presented as follows:

t

o Table C.4-1 Fighter Aircraft
o Table C.4-2 - Transport Aircraft

o Table C.4-3 Commercial Aircraft and Bombers

o Table C.4-4 Spacecraft
These tables are followed by a collaction of geometric descriptions of the vehicles

for which this data was available.
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TABLE C.%4-1 DATA SUMMARY (FIGHTER AIRCRAFT)
| ConFicuraTion [ © T - [ 8y ] [DATE |
CODE SYSTEM
A B C D E F G H
1| WING GROUP 8717 4314 | 4537 | 3125 | 3000 | 3615 | 8398
2 | TAIL GROUP 1802 576 | 909 701 535 983 | 1B42
3 | BODY GROUP 6548 3551 | 4655 | 3283 | 3409 | 5954 |[10873 !
1| INDUCED ENVIR PROTECTION |
5 | LANDING, RECOVERY, DOCKING [2914 1459 | 1732 11552 | 1056 | 1995 | 2296
¢ | PROPULSION~ASCENT
| 7 | PROPULSION-CRUISE 11429 | 6998 | 9900 (11396 | 6397 | 8924 [10465
5 | PROPULSION=AUXILIARY
7| PRIME POWER 776 ]
10 [ELECT CONVERS& DISTR 904 534 | 548 752 594 805 839
11 | HiYDRA CONVER & DISTR 402 47477 613 377 318 460 637
12 | SURFACE CONTROLS 1424 1067 | 966 671 413 | 1418 | 1777
12 [ AVIONICS 2305 1118 | 1789 | 1176 | 2142 971 | 3108
14 [ENVIRONMENTAL CONTROL 324 101 358 136 259 184 570
15 TPERSONNEL PROVISIONS 397 218 476 2136 227 262 803
16 | RANGE SAFETY & ABORT
17 IBALLAST 47 186
13 | GROWTH UNCERTAINTY
19 | AUXILIARY GEAR 647 253 | 500 73 78 93 95
SUBTOTAL DRY WEIGHT! 37813 | 20663 [26%83 [23470 |i.+.0 |26076 [41703
20 | PERSONNEL 663 200 | 430 230 230 230 430
71 | CARGO 8711 1238 | 2290 | 2442 | 2455 | 3758 [15623
22 | ORDNANCE , '
o7 |RESIDUAL FLUIDS 280 147 | 333 219 255 198 406
2.4
T SUBTOTAL INERT WEIGHT | 47467 | 22248 (30036 [26369 [21415 | 30262 | 58162
25 |RESERVE FLUIDS
26 |IN FLIGHT LOSSES
27 |PROPELLANT-ASCENT
2% |PROPELLANT-CRUSE 22354 | 9789113552 |13533 | 9848 [17315 | 32291
79 |PROPELLANT=-MANEUV ACS '
20
TOTAL (GROSS WEIGHT)LB. | 69821 | 32037 [43588 39902 | 31263 [47577 | 90453
BURNOUT WEIGHT ~LB.
DESIGN LANDING WT. - LB.[45922 | 23500 [34000 [31000 |22071 |29227 | 70000
WING GROSS AREA - SQ.FT. 812 516 | 538 368 698 385 525
HORIZONTAL TAIL AREA-SQ.FT.| 167 83 96 75 0 60 173
VERTICAL TAIL AREA-SQ.FT, | 175 45 68 85 95 63 112
BODY WETTED AREA - SQ.FT. ]1550 746 913 | 1009 979 981 948
BODY M.IL, VOLWME-CU.FT, 2537 1042 | 1428 [ 1561 1283 | 2089
DES GNATORS NOTES & SKETCHES
s _A3B
g F38
C _F4B
[, _F101A
- F102A(DELTA DART)
F_F1058
¢ FLIIA
H
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TABLE C.4-2 DATA SUMMARY (TRANSPORT A/C)
CONFIGURATION j [ BY ] [ DATE[
CODE SYSTEM
A B C D E F G H
1 | wiNG GROUP 2866 |11109 | 5940 | 11437 27404 [25109 | 2991 [34710
2 | TAIL GROUP 732 | 2094 | 1450 | 3368 | 6011 | 5374 891 | 5858
3 | BODY GROUP 2212 | 7476 | 7050 | 14391 [30940 [20812 | 3783 |28123
| 4 [ INDUCED ENVIR PROTECTION
5 | LANDING, RECOVERY, DOCKING | 1396 | 4771 | 2372 , 4939 [10635 |10444 | 1081 |10515
6 | PROPULSION=ASCENT
7 PROPULSION—-CRUISE 5468 [19646 | 10547 ' 20072 (22805 |24585 5169 |29748
8 | PROPULSION=AUXILIARY
9 PRIME POWER 308 183 472 188 568
10 | ELECT CONVER & DISTR 623 1 1543 832 1 2337|2004 | 2708 | 1800 | 2638
11 HYDRA CONVER & DISTR 207 582 156 668 | 2679 913 338 1182
12 | SURFACE CONTROLS 684 | 1562 593 | 1659 | 1804 | 2147 939 | 3794
13 | AVIONICS 978 | 1703 954 | 3161 2625 | 2662 | 1095 | 3346
14 | ENVIRONMENTAL CONTROL 446 | 2641 | 1014 ;20701 297311820 608 | 3046
15 | PERSONNEL PROVISIONS 1002 {7036 747 4 48330 3632 | 3446 | 1849 _{ 1749
16 |{RANGE SAFETY & ABORT
17 |BALLAST
18 | GROWTH UNCERTAINTY
19 AUXILIARY 248 62 117 9 138
SUBTOTAL -DRY WEIGHT: 116862 160471 | 31838 | 69469 [113817 [100002 [20553 [127415
20 | PERSONNEL 400 | 1800 400 | 1000 | 960 860 | 390 860
21 JCARGO o 4073 110035 |12848 | 33441 |98533 82279 | 1896 |70236
22 | ORDNANCE
2 RESIDUAL FLUIDS 332 | 1886 922 | 1090 1693 | 1703 411 | 1615
24
SUBTOTAL iNERT wEIGHT) [21667 (74192 | 46008 | 105000215003 |184844 {23250 | 200126
2 RESERVE FLUIDS
[ 26 [IN FLIGHT LOSSES
7 PROPELLANT-ASCENT
28 I PROPELLANT-CRU.SE 3126 28037 | 14172 [ 50000 |60000 [94638 17050 |117874
29 |PROPELLANT-MANEUV AC e
20
|| 7 TOTAL TGROSS WEIGHT)LB [24793 ;10222960180 | 155000275003 [279482 [40300 | 318000
| BURNOUT WEIGHT-LB B
DESIGN LANDING WT.-LB [22294 51350 | 130000245000 [200000 [30000 |257500
WING GROSS AREA - SQ.FT. | 485 | 1650 | 1223 | 1745 2673 | 2433 542 | 3228
[HORIZONTAL TAIL AREA-SQ.FT4 115 347 346 5451 801 500 149 %83
VERTICAL TAIL AREA-SQ.FT. 90 154 255 300 640 362 110 416
BODY WETTED AREA-SQ.FT. 753 2250 | . 3460 | 6472 | 4420 | 1050 | 5645
BODY M.L. VOLUME-CU,FT. 795 | 4042 | 5190 | 9060 [26052 11550 | 1710 [16000
[N X —e e L A _
DESIGNATORS NOTES & SKETCHES:
VEHICLE
A _C-1A
g VC-121B(9 CREW)
c _C-123B
D C-130E
¢ C-133A (4 CREW)
F _C-135A (4 CREW)
o C=140 (2 CREW)
i1 C-1&IA (4 CREW)

"
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TABLE C.4-3 DATA SUMMARY (COMMERCIAL A/C AND BOMBERS)

CONFIGURATIONwl ] BY l [ DATEl
CODE SYSTEM
A B C D E F G H
] WING GROUP 17986 |26463 | 33554 | 9119 |12156 [85750 | 49574
2 | TAIL GROUP 4282 | 5360 | 4751 | 24111227 ]1236]1 | 13288
3 | BODY GROUP 13968 116781 [ 21658 | 9324 | 5074 (109386 | 44868
4 | INDUCED ENVIR PROTECTION
5 | LANDING, RECOVERY, DOCKING | 7344 | 9946 | 10587 | 3376 | 3856 [37580 17308
6 | PROPULSION~ASCENT
7 | PROPULSION~CRUISE 18812 |27570 | 30258 | 9274 (21124 143914 | 38781
8 | PROPULSION=AUXILIARY
9 | PRIME POWER 777 967 1616
10 ELECT CONVER & DISTR 2349 | 2579 | 2727 | 1595]| 1428 | 3771 4881
11 HYDRA CONVER & DISTR 1111 | 1435 | 2291 493 | 485 | 4194 3234
12 [ SURFACE CONTROLS 1816 | 2507 | 2057 | 1086 | 1357 | 6543 4866
13 | AVIONICS 2136 | 2556 | 2141 | 1367 | 4638 | 5394 4170
T4 | ENVIRONMENTAL CONTROL 3084 | 3621 | 32251 15741 1014 | 3828 3515
15 {PERSONNEL PROVISIONS 11389 [15253 [ 12579 | 5703 | 901 | 7204 31451
16 | RANGE SAFETY & ABORT
17 |BALLAST
18 | GROWTH UNCERTAINTY
19 | AUXILIARY GEAR 36 52 63 30 95 308
SUBTOTAL DRY WEIGHT) 84313 |114173| 125891 46129 |53355 [321200 (217552
20 | PERSONNEL 900 | 1490 | 1030 600 | 690 1290 3367
21 CARGO 24741 |35418 | 36854 | 19257 |10155 ]126556 |112115
22 | ORDNANCE
2 | RESIDUAL FLUIDS 655 780 | 1281 360 | 982 1454 1966
24
SUBTOTAL INERT WEIGHT: |110609]151811] 165056] 66346 |65182 450500 | 335009
25 | RESERVE FLUIDS j
26 |IN FLIGHT LOSSES ]
7 | PROPELLANT=ASCENT ]
28 |PROPELILANT-CRUISE 70000 [93147 "112944] 11454 97818 [318500] 95000
75  |PROPELLANT-MANEUV ACS
¢
TOTAL (GROSS WEIGHT)LB |180609 244998 278000] 77800 [163000 [765000 730000
BURNOUT WEIGHT-LB
DESTIGN LANDING WT.-LB [132800]180000] 199500 74000 [95000 635850 408000
WING GROSS AREA -SQ.FT. 2000] 2250| 2883 925 1542 | 6200 3550
HORIZONTAL TAIL AREA-SQ.FT 395 426 559 224 0 965 1090
VERTICAL TAIL AREA -SQ.FT. 395 295 352 161| 160 961 605
BODY WETTED AREA-SQ.FT. | 3622] 3919] 4930 2741] 1374 [15779 9122
BODY M.L. VOLUME-CU.FT, 11210 12280 1734 |86601 | 41300

CES'GNATORS

VEHICLE

. _Convair 380 (6 CREW)
g _Convair 990 (10 CREW)
c _DC-8-51 (7 _CREW)
~ _DC-9 (4 CREW)
¢ _B-58A (3 CREW)
F_C-5A (6 _CREW)
¢ DC-10

me

NOTES & SKETCHES:

Cc-35
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TABLL C.4-4 DATA SUMMARY (SPACECRAFT)

CONFIGURATION l [ 8y ] ]DATE]
CGDE ] SYSTEM
| A B C D E F G H
1 | WING GROUP 55
2 | TAIL GROUP 2050
3 { BODY GROUP 966 336 | 65821 2607]145250]47255 | 13060
4 | INDUCED ENV!IR PROTECTION 112 4700] 1350
5 | LANDING, RECOVERY DOCKING 79 80 151 82] 3600 345
6 | PROPULSION=ASCENT 1378 37461 1506]124975120120 | 4360
7 | PROPULSION—CRUISE
& | PROPULSION=AUXILIARY 23 68 32 _450
9 | PRIME POWER 21 11
10 | ELECT CONVER & DISTR 264 54 359 231] 1250]_ 475 350
I HYDRA CONVER & DISTR 89 119 113
12 | SURFACE CONTROLS
12 AVIONICS 554 152 131 16| 4A75] 2A1S5 1680
4 [ENVIRONMENTAL CONTROL 20 108 1o
i5 | PERSONNEL PROVISIONS ,
16 | RANGE SAFETY & ABORT 91 71 500] 185 55
17 |BALLAST 58
18 |[GROWTH UNCERTAINTY
10
SUBTOTAL DRY WEIGHT! 3358 956 | 11189 | 46841287000172000 |20500
20 | PERSONNEL
21 | CARGO 132 16
22 | ORDNANCE
23 RESIDUAL FLUIDS 491 6 1396 592 (38544 8110 850
24
- SUBTOTAL NERT WEIGHT, | 3981 978 | 12585 | 5276 (32554480110 21350
75 |[RESERVE FLUIDS 1 13100! 1695 | 1345
2 N FLIGHT LOSSES 3483 1631 | 1013] 24959 4550 | 4470
27 |PROPELLANT-ASCENT 30040 244960 65591 [4245243930000 | 230000
28 |PROPELLANT-CRU!SE i
29 |PROPELLANT-MANEUVY ACS 80 40
20 @
TOTAL (GROSS WEIGHT)LB |37504 | 1058 | 259176 71880 |46088484101635%257205
BURNOUT WEIGHT-LB
T~ T DESIGN LANDING WT.-LB
WING GROSS AREA-SQ.FT.
HORIZONTAL TAIL AREA-SQ.FT
VERTICAL TAIL AREA-SQ.FT. | Q
BODY WETTED AREA-SQ.FT. 1100 47 | 1749 804 {14359 (10176 | 3488
BODY M.L. VOLUME-CU.FT. 2360 13 | 3979 | 1617 [104346 (69720 14990

DESIGNATORS

VEHICLE

A CLNTAUR

b ASSET

c _TITAN II1IC CORE (STAGE 1)
L__TITAN IIIC CORE (STAGE II)
£ SATURN SIC

¢ SATURN SII

_ SATURN SIVB

H

NOTES & SKETCHES:

SECTION

DOES NOT INCLUDE 503 LB OF FWD.
IF INTERSTAGE TRANSITION SECTION

QD DOES NOT INCLUDE 866 LB TRANSPORTATION

3

SECTION

(4000 LB) IS INCLUDED WETTED AREA
INCREASES TO 5584 SQ.FT. AND VOLUME

INCREASED TO 25590 CU.FT.
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. A-3B
NOTE RUDDER HINGE Q—-‘y
AN O)-40AT-3 STATIONS SHOWN ARE APPLICABLE TO ALL A3D AIRPLANES 2125 000 4
EXCEPT A3D-2P, A3D-20, A3D-27T FUSELAGE STATIONS 0.000 TO )
475 000, WHICH ARE SHOWN ON SHEET 2 AND SHEET 3 12v195 623
R TS 360
- ~— . A
% (736 878 ——1 > K9 508
h]
g o 2 9 Q0 o
2 §§8 g 8 88 §§§8 12v168 300
- mon : [ o ~ " w
s 222 % ¢ 23 1 228 g 100, (7v192 000
x R 2=z 2y == '
I I i | ‘ LT 1Zv147 250
o
g — . Y - —
| Q»-\. d - £
| i FUSELAGE
~— y v REFERENCE
o»ocl> 8€|>8£Illllr—r ll‘ l ’°Ir a PeaNe
Q o o o o e 0o
g8 §83888¢8R8888 338382388 §3388888 88888 2888L%
3 DI n om o * o o P oo ~ P T I | ~ - oN e
oe 82338007 E8 382288330 22ancgcd iy ¥ pRLLEE
FUSELAGE, VERTICAL STABILIZER AND RUDDER
1¥1330 800~ — 71400 a7¢ 1723 ;soj —1vi768 328
- - FUSELAGE PLANE OF SYMMETRY - e (XE)34 250
\xF 139 230 2z 3y - o XEs 687
g -~
™ o€y 378 _—XERe 937
w1330y — ) nozemrs )
wis 68 - (XE1 40 628 — - 1¥n2 082
b /."nn non 156 375 —
w89 000 —— (XE1 71 280— —XE14) 230
(082S P IXEIEW 407
1AW} 28 000 — - (rF 173 80c ) -
! -~ taras 290 (€02 T30~ N L~ 1KE 180 469
w63 230 _ Er3e 37—
g -iXL1 %% DOO
SoinEI QY TR IR RRE X We slo RN ~ ‘_.\
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—_
; ;:" (x@i200 S0 P 256 12 OR Zil 1A
H f‘ E (YWi232 2% ~dd) 144 730
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Y 3000 TWizE4 000 —

1T, 230 300

(xw1293 000 — - tan3s 408

eess wo_// _ -~ (XA1476 D&Y

xwi 493 000—" 1%L 1422 400
ixW1% 300 — e 1433 000
NOTE (131334 780 i .
Y{FUSELAGE)STATIONS ARE PERPENDICULAR TO FUSELAGE NTER AN UT OAR WIN

REFERENCE PLANME

7 AND ZV{VERTICAL STABILIZER! STATIONS ARE PARALLEL
TO FUSELAGE REFERENCE PLANE

X{WING) STATIONS ™ ARE PARALLEL TO FUSELAGE PLANE OF
SYMMETRY

XU (LATERAL)STATIONS ARE PARALLEL TO x STATIONS
TW{WING)STATIONS® ARE PERPENDICULAR TO FRONT SPAR

OF wWiING

XS {SLAT;STATIONS ARE PERPENDICULAR TO SLAT HINGE
LINE

XA{AILERON!STATIONS ARE PERPENDICULAR TO AILERON
HIMGE LINE

XF{FLAP) STATIONS ARE PERPENDICULAR TO FLAP MINGE LINE
XE(ELEVATOR) STATIONS ARE PERPENDICULAR TO ELEVATOR

XHIHCRIZONTAL STABILIZER) STATIONS ARE PARALLEL TO A !

TRACE OF FUSELAGE PLANE OF SYMMETRY \
IR RUDDERI STATIONS ARE PERPENDICULAR TO RUDDER

HINGE LINE i
# MORE TwAN ONE TYYPE OF WING STATION #AS BEEM -

\—FUS(LAGE

REFERENCE
i PLANE

INDICATED (SEE AX)S SYSTEM QOIAGRAM AND VARIOUS
VIEWS OF AIRPLANE - TW18 1LLUSTRATION)

-

(] AT -3

c-37

STABILIZER AND ELEVATOR

(xw}322 oco/
] L~ (XAT1E8 D83 —ufe2 T80

1T '_J BN #1382 000 — ‘ .
o - 7 \
. S a ~ 2 30% txwi3Ty 300 — aian 312 \
w- o " - - éow i \ P <N\
> . : or " e 11w 399 000 e 37y —
e8r * e 3 Lo : LIRS AN
N2 A e s ¢ 2 29y (Wi é2P 300 — (CANTY
rrro z oz oz oz 1awias6 000 — VIEW A

A3D- 2Q ONLY
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F-38

14 -10*
STRUTS NORMAL
STATIC POSITION

NAVAER 01-245FCB-2-1

| &
AICRAFY JACKED LEVEL
(NCOSE STRUT PARTIALLY
COMPRESSED)

[ eFFeCTIVE BLOCK L AND
UP BEAVER TAIL® HAS BEEN
SHORTENED BY APPROXI-
MATELY TWO FEET,

B -y
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Hotee

V. ALL DIMENSIONS ARE STATIC GROUND LINE DIMENSIONS

B F 4145307, 145308, 145315 AND
1453) 76 HAVE SMALL RADOMES WHICH
SHORTENS THE OVERALL LENGTH.

W F4 1450715, 1453136 AND 148817c AND
SUBSECUENT .

EPF4 145307, 145308 AND 145311b THRU
14531 b HAVE FLUSH CANOPIES .

ED OIMENSIONS FOR F4 145307, 1453086 AND
145011 THRU 14827Se  ALSO FOR F 4 1483631
THRU 148410 IF AIRCRAFT SERVICE CHANGE
NUMBER 24 HAS NOT BEEN INCORPORATED .

[P DIMENSION FOR F-4 14847 1h AND SUBSEQUENT
ALSO FOR F-4 14B36¢ THRU 1484109
IF AIRCRAFT SERVICE CHANGE NUMSER 24
HAS BEEN (NCORPORATED.

T4 FT. 5 1IN,

S8FT. 8 IN. @
BFT 3N

W0FT. 77N @ 16FT. 1IN

ICFT. 102N

STATIC GROUND LINE

NFT 49N,

27FT. 4. 61N

WFT. 4N,

6FT JIN,

STATIC GROUND LINE

o T b _veawsna
18FT 2.5 I1N. @ 237 5160

C

Cc-39
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F-101A

T.0. 1F¥-101A-3

AILERON
"Sglll‘l:::. STATIONS
FUSELAGE JACK POINT
FS. 425.4 AL V.85
w.L 12,02 STABILATOR
SWEEPBACK  STATIONS
STATIONS @A

FUSELAGE JACK POINT
F.3. 343,26 WL 1).00
iLo0®

FUtELAGE Jack POt 4T BTN
F$.610.45 w0 72.58
A 3. 00.00 7.00-—_

> 0,00

FUSELAGE HOIST POINT Auc( HOIST POINT . NI

F.5. M0 w4, ® F.5. 536,00 w.L, 43.10
L7 (TYP) B, 455
> BUTTOCK LINES
= awt® SWEEPBACK
= 7o | pap  STATIONS
_—e—u.
=\:_—\-w .10 [ STATIONS
—"\‘vu& .90 J
%‘”‘_no.w JACK & MOORING POINT
119.08 120.25 $.4.142.00 F.$, 553,18
w.i, 12.55
Y. WING HOIST POINT
N7 LU 159,00 £.5. 556,32
lu.u_J__—' w.L 38.95
warte o0 =% WATER LINES
n0— ol 4.0\ RUDDER RUDDER
T [ STATIONS FIN
10,33 — —8.% —_ m

Nt )
\ \I(; .‘tln

SETESOE
$BEEEE B

&=
o5

CW.L. 42.50-

w.l, 0,00

W.l. - 34.00

AFT MOORING POINT
FS5.850.25wW4 71,14
41,0000

¥ W

FORWARD FUSELAGE CENTER FUSELAGE AFT FUSELAGE

CF.S. 1“.‘2&-’9_%‘

(T> 10 CF MYOT AFTER 1.0 1F-tO1-1112.
(@D LEADING EDGE OF NOSE CONE AFTRT.O. 1F-101-1312.

(@]

-40
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F-102a

1.0. 1F-102A-3-3

NOTES

» INDICATES DIMFNSIONS FOR SKEWED MAIN LANDING
GEARONF 1074 AIRPLANES SERIAL NUMBERS AF 53 1012
AND SUBSEQUENT

& ® INDICATES DIMENSIONS FOR ENTENDED RAMP INTAKE
DUCY LIP ON F ID2A AIRPLANES SERIAL NUMBERS
AF 5% 31374 AND SUBSEQUENT

E INDICATES DIMENSIONS FOR ERAARGED AREA FIN ON
FI07A AIRPLANES SERIAL NUMBERS AF 34 1390 AF 54
1398, AF 54 1401, AF 35 3357 AND SUSSEQUENT

+ INDICATES ENLARGED AREA SPEED BRAKE ON F 1D2A
AIRPLANES, SERIAL NUMBERS AF 53 17904, 1804, 1814 TO
511817 {INCL) AF 54 1175 AND SUBSEQUENT

A INDICATES DIMENSIONS FOR NON SKEWED MAIN LAND
(NG CEAR ON F 10ZA AMPLANES 53 179) THROUGH
AN AR

= 3 00

:r.—~—.u'7 1 —
Arae oo =

- T T e s - TR PIE -

b——— 1301} ——a -

iy A

*32°30' / -
- 19'0 907 0" )/
| e
—JIOOJ' —

| iy
wi ooo—r .

N 3
) t v 7
' _”l ~— T1%0° SR PPY ——j ou"a'

1
193 50" )80 -

$33 50" ———e——

57400

“w — -
LANDING GEAR SHOWN
N STATIC POSIMON

PART I
SUMMARY
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) 7.0. 1K1058-3
2 |
§ 2
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T\1
2
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F-111A

HEIGHT

17 FT-2.4 IN,
FOLDED SPAN
31 FT-11.4 IN

-
-J
<
@
w
>
[»]

QVER-ALL LENGTH
75FT-41 IN

OVER-ALL SPAN
631 FT-0 INCHES

15.0IN.

122.9 IN.

C-43
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VC-1218

1915

GROUND LINE

! % VARIES WITh PROPELLER INSTALLATION
CURTISS C 8125 A INSTALLATION SHOWN

 _CENTER UNE- ELEVATOR MINGE e
12022/

R
™

! Q‘ ARPLANE SHOWN IN STATIC POSITION WITH MAIN STRUT EX

' u J/ TEWNSION OF 13 IN AND NOSE STRUT EXTENSION OF 10 (N

) STATIC POSITION GROUND ANGLE AND WHEELBASE ARE BASED

ON A GROSS WEIGHT OF 107 000 L8S WITH CG AT W1220 AND
29% OF MEAN AERODYNAMIC CHORD A CHANGE N GROSS
WEIGHT OR CG LOCATION WILL AFFECT THESE VALUES

ALl UNEAR DIMENSIONS ARE SHOWN IN It HES

FLAP CHOND 5) (COMNSTANT:

(TE_ROQT CHORDI ﬂ?}\

R

: 97,
_ 7% cHomp /¥ ‘)
: : N1
MAC R

4 AT w5 4387
0 AT WS 0877

CENTER UNE — CENTER BUDDER HINGE

- N4Z) STATIC POSITION GEOUND PLAME ——————— © o= PERPENDICULAR TO STAB MED LINE
- 3
E , 1IMO WATER Ling PLANE — L i / CENTER LINE — QUTBOARD RUDDER MNGE
- PERPENDICULAR TO STAB MED LINE
- e SURARS T W
[l
-
T av
t
087
- STAB MED (INE INCUINED
+0"43 FROM WATER ONE
PLANE (LEADING EDGE UP
H
o ! GCROUND 1iNE
i

‘e N

- W

1o 2 wy e AV

i e 91
g,

C



|l

M 0 0 1 i 1 1

MDC E0377 Space Shuttle Program — Phase B Final Report PART |
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY

C-1238

o

NORMAL GROUND
LINE PARALLEL

a

.
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r——-—52FT8IN. ‘

1. DIMENSIONS SHOWN AIRPLANE
EQUIPPED AND EMPTY.

NOT ON AIRPLANES AF61-2358
THROUGH 61-2373 MODIFIED BY
T.0. 1C-130-702 AND AIRPLANES
AF62-1784 AND UP.

B\ ALL AIRPLANES NOT MODIFIED
BY T.0. 1C-130-728.

A\ ALL AIRPLANES MODIFIED
BY 1.0, 1C-130-728.

o 2FT 1IN,

132 FT 7 IN.

2°30' DIHEDRAL

~—13 FT 6 IN. DIA

Iﬁz" -

FLIGHT REFERENCE LINE

15FT 31N, 0o

1]

1 FT 6 IN. —
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C-133A
e ——

le———— OVERALL LENGTH 1890.438 INCHES (157 FEET 6.44 INCHES) — e

CONTEALINE RUDDER HINGE
460 INCHES
138 FEEY
4 INCHES)
— 119 INCHES ® FEET 11 INCHES)—

STATIC k&
GROUND 50 INCHES STATION 848 585 INCHES (48 FEET O INCHES!
720 INCHES 160
LINE i4 FEET 7 INCHES) 20 INCHES 10 FeED
WHEEL BASE
707 INCHES (S8 FEET 11 INCHES) ==

CENTERLINE ELEVATOR HINGE
STATION 1674.36

432.3 INCHES
{36 FEET —
0.3 INCHES)

5556 INCHES
[ "i48 FEET 3.6 INCHES)

FUSELAGE STATION 800
20% CHORD

\—lu.z INCHES

(V4 PRET 8.2 INCHIES)

2154 INCHES
2V FEET 2 INCHES)

488 INCHES
(40 FEET 8 INCHES)

184.2 INCHES
13 PREY 4.2 INCHES)

olo Referencs - Douglas drawings 5503400
(Aieplones 1 through 35) ond 5503401
y {Airplanes 36 and subsequent).

OVERALL WIDTH 2155.84 N'CNB (179 FEET 7 .84 INCNES

r 216 INCHES

18 REN

$9.9 INCHES 4 FEET 11.9 INCHES)

V| A= S
— 7 ,\EEE,
Fa i

A

104 INCHES (8 FEET B INCHES

96 INCHES {9 FEETI

175.98 INCHES (14 FEET 7.98 INCHES)

: 168.16 INCHES (46 FEET 0.16 INCHES) fo— o —|
+——241.1 INCHES (20 FEET 1.1 INCHES)

*TREAD 208 INCHES (17 FEET 4 INCHES)
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C-135A

1.0. 1C- 135 (K) A-3-1

PART ]
SUMMARY

17° 10"

FFrEcCTIVITY

C-135A AND AC-133A

a0 o 00

e 22° 1”7 ——ay
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1.0. 1C-140A-3

Qj@ 24 FT9IN.

—
23 FT 10 IN, I
20
|
L
00 o0 00
12FT aIN,— IO
S4FT 51N, | .
'___.Jl_l
20FT
4 5IN

—

f—————— 20 FT 8 IN, —————
SBFT 10 IN,
S0 FT 5IN,

C-50
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C-W1A

LINE (WL 200.0)

ACONDITION

(ELEVATOR FULL UP 25° -
MAXIMUM HEIGHT)

FUSELAGE REFERENCE

1. DIMENSIONS SHOWN AIRPLANE
EQUIPPED AND EMPTY .

DISTANCE
NEUTRAL. ....ovvvvvannan 39FT 3 IN,
(NEUTRAL ELEVATOR)
BULLET TIPUP 4°,........ I9FT 6 IN
(NEUTRAL ELEVATOR)
BULLET TIP DOWN 12.5°., 40FT7IN

PART |
SUMMARY

—Ji7er 9|N.}——

o
N L - -
S ____1_24/
' L;J“’ A/ ANY
{ . 51 FT L 4 FT STATIC GROUND LINE (WL 96.0) —~
f — 145FT
10FT 41N,
|
- 159 FT 11N,
|
| L)
o -1.195° DIHEDRAL
Z (OUTBD OF BL 393.3)
- -0.941° DIHEDRAL
e 8T (INBD OF BL 393.3)
= 7FT 5|N_ﬁ’/_:] l
1 ‘_’____——————”’_'L_r\

e

P l

N

I I

STATIC GROUND LINE (REF)

8 FT

] ?IN.
6IN.
21 FT 7 IN.

17 FT
—1 23FT9IN.
———38FT 4IN,
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DETAIL MASS PROPERTIES REPORT SUMMARY
B-58A
WS 0.0 71.0. 15-38A3

447

SPAN STA 146 ——

!

PARALLEL TO
CHORD PLANE
23 9"

SPAN STA 260

ELEVON
OVE::L'LO'S:PAN “ 1 m:ee

NORMAL STATIC GROUND_ LINE

et

HORIZONTAL VISION LINE

\'—J' —
30
A VY R S— 8
100
WL 2116 £y N__STATIC rosmon.L -~
” MAL TAK
e - LIN., MLG COMPRESSED 257%

e 12° 4" w8 ! sH'rAMsIBQ%

FUSELAGE 521

STA 207.395 (STATIC AXLE)

C-52
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APPENDIX D

DESIGN MASS PROPERTIES

Design Mass Properties for th~ delta orbiter, canard booster and combined
launch configuration are presented in Tables D~1 thru D-5 of this appendix.
This data is based on the vehicle configurations and weights presented in the
15 March Detailed Mass Properties Report (MP-8A) and shown in Figures D-1
and D-2,

The specific ground rules used in setting up the design mass properties are
described in Table D-6. Three different missions have been considered, i.e.,

o 40K polar (no orbiter ABES)

o 25K, 55 degree resupply (with orbiter ABES)

o 65K, easterly (no orbiter ABES)

The missions without orbiter ABES (airbreathing engine system) ‘carry a scar
weight for the ABES, i.e., the vehicle is designed for ABES but the engine and
engine systems are removed.

Orbiter design weights are based on the largest value obtained at each
mission point based on nominal mission histories for the above three missions.
Maximum and minimum design c.g.'s are based on specific off-nominal variations
of the three missions as described in Tables D-6.1 thru D-6.3., 1In defining the
various c.g. limits 7 different combinations of payload, expendables, and growth/
uncertainty were considered. These are described in Table D-7. The design
c.g. limits shown in Tables D-1 thru D-5 represent the maximum and minimum values
obtained at each mission point from consideration of all seven payload/expendables
configurations. As a result, the values shown in Tables D-1 thru D-5 are
uncorrelated, i.e., do not occur simultaneously. For example, the fwd x c.g.
limit at entry in Table D-1 is based on Configuration E whereas the UP z c.g.

limit is based on Configuration G. Correlated values for each payload/expendable

D-1
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configuration are presented in Table D-8 for the orbiter and in Table D-9 for

the combined orbiter and booster. ''Configuration'" as used above indicates a

different internal arrangement of payload, expendables, and growth/uncertainty,

not a different external shape. The following orbiter payload/expendables

configurations were used:

Configuration
Configuration
Configuration
Configuration
Configuration
Configuration

Configuration

A

B

c

F

G

Nominal Easterly Mission
Nominal Resupply Mission
Yo Cargo

Most Aft

Most Left, Most Fwd

Most Right

Most Up

Booster design mass properties are all based on a nominal mission for the booster

presented in the 15 March Status Report (MP-8A).
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Note: Design Mass Properties are based on Orbiter Drawing No. 255BJ00050 Rev. F.

A

173.9 ft >

FIGURE D-1 ORBITER CONFIGURATION/COORDINATE AXES
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G
Note: Design Mass Properties are based on Booster Drawing No. 256-20-001.

Detailed analysis 1s based on Drawing No., 256-20A-001 (see Section 5)
with modified tail and nose station changed to 2025,

270.25 FT -‘.1
4T

+Y

- i . 4
O— ':'
3 -~ s 3

|

+Z 242,08 FT

.5 FT

FIGURE D-2 BOOSTER CONFIGURATION/COORDINATE AXES
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Table D-6 - Ground Rules for Design Mass Properties

C

Delta Orbiter

1. Definition of Terms
Design Weight = largest nominal weight at each mission point for any of
the 3 design missions, i.e., 40K polar (no ABES), 25K to 55 deg. (with ABES)
and 65K easterly (no ABES). Aborts are not considered.

Design Moments and Products of Inmertia = Values that occur simultaneously
with design weights.

Design €.G.'s = Maximum and minimum values obtained from payload, air-
breathing engine system, growth/uncertainty and fluid variations described
below.

2. Payload Considerations

a. Nominal pavload is 60 inches forward of the center of the payload bay.

b. Most forward pavload c.g. is 120 inches forward of the center of the
payload bay.

c. Most aft pavload is at the center of the bay.

d. Appropriate payloads are considered for each of the three design missions.
The nominal payload and payloads to be used in determining c.g. extremes
are shown in Tables D-6.1l, .2 and .3 for each of these missions. Other
payloads resulting from abort or unprescribed operational use of the
system are considered overload weight conditions. However, abort
conditions with maximum injected payload are considered in determining
c.g. extremes.

e. A minimum pavload weight of zero is also used in determining c.g. extremes.

3. Airbreathing Engine Considerations - Airbreathing engines are on or off the
vehicle depending upon the mission. When they are removed, a "scar" weight
is left in.

4. Uncertainty/Growth Considerations

a. Weight for U/G is 10% of dry weight items including cruise engines but
excluding ascent engines. (Note, this is not the current estimate of
U/G.) This value remains constant for all missions.

b. The center of gravity of the U/G is +2% of body length from the dry
weight c.g. for c.g. dispersion.

c. Nominal c.g. location for the U/G is at the dry weight c.g. for all
missions. (U/G is not a variable as ABES are off-loaded.)

5. Fluid Considerations - Fluid use is described in Tables D-6.1 - D-6,3 for the
respective missions.

Canard Booster - Design weights, c.g.'s, moments and products of inertia are
based on a nominal booster mission history.

Canard Booster plus Delta Orbiter (Combined Configuration) - Design mass properties
for the combined configuration are obtained by combining booster values with the
orbiter payload/expendables configurations that determine the orbiter design mass
properties.

D-10
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Table D-7- Summary of Payload/Expendables Configurations
Delta Orbiter

Configuration Designator
Item A B "C ) D E F G
Booster Separation )
Payload Weight-1000 1b. 79653 32508 0 65000 {65000 ]65000 |65000
Payload x c.g.~inches 1418 1418 0 1478 1358 1358 1358
Pavyload Y c¢c.g.-inches 0 0 0 0 -6 6 0
Payload Z c.g.~inches 400 |1 400 0 400 400 400 406
Ascent Propellant Wt.-Z 100 100 100 100 100 100 100
Flt. Perf. Reserves-7 100 100 100 100 100 100 100
Inflight Losses—% * 100 100 100 100 100 100 100
OMS Propellant-ft/sec 676 1500 1500 1500 1500 1500 1500
ACS Propellant(on orbit)-Z 100 100 100 100 100 100 100
ACS Propellant(entry)-% 100 100 100 100 100 100 100
Cruise/Gec Around Propel-% |0 100 100 0 1o 0 0
ABES Wt-1000 1b. 0 19 19 0 0 0 0
Growth/Uncertr.Wt.-1000 1b 18 18 18 18 18 18 18
Growth/Uncert. x c.g.~-in. 1482 1482 1529 1529 1445 1445 1445
Injection
Payload Weipht-1000 1b. 79653 132508 0 £5000--.| 65000 - | 65000 | 65000 -—
Payload x c.g.-inches 1418 1418 0 1478 1358 1358 1358
Payload Y c.g.—inches 0 0] 0 Q -6 f 0
Pavload Z c.p.-inches 400 400 0 400 400 400 406
Ascent Propellant Wt.—#4 0 0 0 0 0 0 Q
Flt. Perf. Reserves—% 100 100 0 0 200 200 200
Inflight Losses—% * 100 100 100 100 100 100 100
CvS Propellant-ft/sec 676 1500 1500 | 1500 1500 1500 1500
ACS Propellant(on orbit)-74 102 100 100 100 100 100 100
ACS Propellant (entry)-% 100 100 100 100 100 100 100
"Cruise/Go around Propel-% |V 100 100 {0 0 0 0
ABES Wt-1000 1b. 0 19 19 10 0 0 0
Crowth/Uncerr.Wt.—-1000 1b, 18 18 18 18 18 18 18
Growtnh/Uncert. X C.g.-in. 1482 1482 1529 1529 1445 1445 1445 .
Wotes: 1. Configuration A is nominal*28.5° inclination, 65K payload, no ABES mission
2, Configuration B is nominal* 55° inclination, 23K pavload, with ABES mission
* from 15 March status (HP-84)
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Table D-7 - Summary of Payload/Expendables Configurations - Cont.
Delta Orbiter
Item Configuration Designator
: A B C D E E G
On Orbit . _
Payload Weight-1000_1b, 79653 132508 0 65000 _ |65000 165000 165000
Payload x c.g.-inches 1418 | 1418 0 1478 | 1358 1358 | 1358
Payload Y c.g.-inches 0 0 0 0 ) 6 0
Payload Z c.g.-inches 400 400 0 400 | 400 400 | 406
Ascent Propellant Wet.=% 0 0 - 0 0 0 0 10
Flt. Perf, Reserves-% 0 10 0 0 0 0 0 ]
Inflight Losses-% * 100 | 100 100 100 100 100 100
- OMS Propellant-ft/sec 586 840 840 840 | 775 | 7715 _|__715_
~ ACS Propellant(on orbit)-%Z | 100 | 100 100 100 94 94 [ 94
ACS Propellant(entry)-% | 7100 100 100 100 | 100 100 | 100
Crulse/Co Around Propel -% |0 100 100 |0 0 0 0
ADES Wt-1000 1b. 0 15 19 |0 0 0 10
| Growth/Uncerr.Wt.-1000 1b 18 18 18 18 18 18 18
Grouth/Uncert X c.g.-in. 1482 1482 1529 | 1529 1445 1445 1445
Pre Retro :
~_ Payload hel”ht 1000 1b, 40000 ]25000 0 65000 [65000 [|65000 [65000
Payload x c.g.-inches 1418 1418 0 1478 1358 1358 1358
Payload Y c.g. —Eﬁgﬁes 0 0 0 0 -6 6__. 0
Payload Z c. g —inches 400 400 0 400 400 400 406
Ascent Propellxnt Wt.—/ 0 0 0 0 0 0 0
Fit. Perf. Reservesr/ 0 0 0 0 0 0 0
jxmllgm; Losses~% % 0 0 0 0 0 0 0
04S Propellant-ft/sec 450 660 660 660 460 460 | 460
———ACS Propellant(on orbit)=-7% 50 50 93 93 |0 0 0
ACS Propellant(entry)-7% 100 100 100 100 100 | 100 100
Cruise/Co Around Propel-%Z [0 100 100 |0 0 0 0
ABES Wc-1000 1b. 0 19 19 |0 0 0 0
Growth/Uncerr.Wt,~1000 1b 18 18 18 18 18 18 18
Growth flUncert. x c.g.-1in. 1482 1482 1529 | 1529 1445 1445 1445
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Table D-7 - Summary of Payload/Expendables Conflguratlons ~ Cont,:
Delta Orbiter
Item Configuration Designator
A 1B c_ D E F G
Entry
Payload Weight-1000 1b. 40000 25000 0 65000 65000 65000 65000
Payload x c.g.—-inches 1418 |° 1418 0 1478 1358 1358 1358
. Payload Y c.g.-inches -U 0 0 0 -6 6 | 0. .
| Tayload Z c.g.-inches | 400 | 400 0 400 | 400 | 400 | 406
Ascent Propellapt Wt.~% 0 0 o 10 1 QMﬁ,,, 0 0
::f’Flt. Perf _Reserves=% U 0 0 0 0 10 0
Infllght Losses VA 0 1o 0 Q o 1.0 Q
"T0MS Propellant-ft/sec 200 200 200 200 | O 0 0
| ACS Propellant(on orbit)-4 50 50 93] 93 | 0 0 0
[ ACS Proyellant(eﬂtr)) -7 100 100 - 100 100 | 100 100 | _ 100
| Cruise/Go Around Propel-% |0 100 1100 0 0 0 0
[ ABES We-10000IbT T T 19 19 | 0 0 0 Q
" Growth/Uncerr.We.-1000 1b 18 18 18 18 18 18 18
Growth/Unc_ert. X c.g.-in. | 1482 14872 1529 1529 | 1445 1445 1445
Landing .
| Payload w'ei'ghc—"l‘ooo 1b. 40000 125000 0 65000 | 65000 | 65000 | 65000 |
P'}yload X c.g.-inches 1418 1418 0 1478_ 1358 1358 1358
| Payload Y'E"g"-mches 0 0 0 0 -6 6 0
Payload £ c.g.-inches 400 400 0 400 400 | 400 406
—_chenb Propellant Wt.-7% U JI 0 0 10 0 0
T Flt. Perf. Lbe;{fé's-/ 0. 10 0 0 0 B TSR s W
Infl;ghL Loss es—i * 0 0, Q (I 0o 0
O”S PLolellnt ft/sec 200 200 2001 200 O jO__ ] O_
ACS Propellont(on orbit)-7% 50 50 93 93 140 lo  _ } 0.
TACS Dropell(.r*_(entrv) % 50 50 671 67 |0 1.0 0
Cru1>L/Go Around Propel % 10 67 6710 10 1Q _ lo
TABES We-1000 1b. 0 18 1810 0 Q 0
Growth/bnuerr Wt. —lOOO 1b 18 18 18 18 18 18 18

* DOES NOT INCLUDE ASCENT PROPELLANTS DUMPED
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Notes:

(1)
(2)

3

(4)
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Table D-8

Correlated Mass Property Mission History Runs
(Delta Orbiter)

Page
Configuration A - Nominal Easterly Mission D-18
Configuration B - Nominal Resupply Mission D-21
Configuration C - No Cargo D-24
Configuration D - Most Aft D-27
Configuration E - Most Left, Most Fwd D-30
Configuration F = Most Right D-33
Configuration G - Most Up . D-36

See Table D~7 for configuration descriptions

"Configuration'" as used above indicates a different internal arrange-
ment of payload, expendables and growth/uncertainty, not a different
external shape.

Subsystem weights for configurations A and B are identical to the
nominal values shown in the 15 March Preliminary Detailed Mass
Properties Report (MP-8A). Due to the large number of different
conditions that had to be considered to define the c.g. extremes and
the time required for this analysis, the subsystem weights for the
other payload/expendables configurations were frozen prior to
finalizing the MP-8A weights and are therefore slightly different,
Numerous payload/expendables configurations were considered in
defining the c.g. extremes but only those which set the critical fwd,
aft, up, down, left or right limits are shown herein,
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DESIGN MASS PROPERTIES CONFIGURATION A .
65K EASTERLY MISSION %
SEQUENCED MASS PROPERTIES SUMMARY 02725771
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL PITCH YAW
(LB) (INCH) PRODUCT OF INERTIA

ROL-PIT PIT-YAY YAW-ROL

(SLUG-FEET SQ./1000,)
WING 28311. 1758, 0. 197, 561. 437, $97.
0. 0. -9,
TAILS 5790, 2052, O 548, a7, 53, 10.
0. 0. O.
BODY 62421. 1300, 0. 284, 294, 2887, 2845,
0. '0| 53.
THERMAL PROT 32496, 1406, O 182, 359, 2408, 2704,
7 "0. O« -40.
LANDING/DOCK 8963, 1480, -4, 71 89, 332, 395
-4, -2 1.

PROP-ASCENT 25275. 1885, O. 322. 41, 432, 406,
0‘ 0. lq.
PROP~CRUISE 400, 14895, 0. 251. 2e 1o 2
0. ’ 0. =0,
PROP-AUXIL 11805, 1264, 0. 342, 41, 957, 978
0. 0. 19.
PRIME POWER 1466, 924, 0, 260, 0. 173. 173,
O 0. 4.
ELEC DIST 1364, 830, O 345, S. 58, 104,
0. O 4.
HYDRA DIST 1782, 1820, Coe 290, 15 15. 15.
0. 0. Oe
SURF CONTROL 2981, 1800. O 300, 28, 130, 136,
O 0. 0.
AVIONICS 4365, 1034, 0. 394, 6. 65. €5,
0. 00 -3
ENVIR CONTRL 7088, 1128, O 359. 15. 227, 208.
0. 0. =9
PERSNL PROV 210, 840, Ce 450, 0. 0. - 0.
Oe 0. O
ABORT O Oe. O 0. 0. 0. O.
0. 0. Oe
BALLAST 0. 0. O, 0. 0. 0. 0,
O Os 0.
GROWTH/UNCER 17641 1482, O. 254, 1718, 986, 1034,
0. 0. 0.
DRY WEIGHT 212358, 1483, -0 266, 2000, 12619, 13167,
-4, -1 89.
PERSONNEL 400, 940, O. 450, 0. 0. O
0. 0. Oe
LANDED CARCOC 40000, 1420, 0. A00. 35. 410. 410,
0. 0. 0.
RESID FLUIDS 3786, 1387, 0. 275, 5 257 258,

7
(M.

D-18
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DESIGN MASS PROPERTIES CONFIGURATION A

65K EASTERLY MISSICN
SEQUENCED MASS PROPERTIES SUMMARY 02/25/71%
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL PITCH YAY
(1B) (INCHD PRODUCT OF INERTIA

ROL-PIT PIT-YAW YAW-ROL

(SLUG-FEET SQ./1000.)

'0. -0. ’0.
INERT WEIGHT 256544, 1471, ~0e 287, 2175, 13479, 13895,
-4, -1, 20.
RESERVE FLDS 9944, 1798. Oe 278, 17. 236, 249,
O. O '200
LANDING WT 266488.] 1483, -0 287, 2152, 139536, 14365,
[es6288.] 14 2. 3. 85
CRUISE PROP 0. O 0. O. 0. 0. 0.
-4, -1. -6
FLIGHT WT 266488, 1485, =0. 291, 211cC, 13907, 14418,
-4, -1, =19,
ENTRY ACS 1000, 1684, =0 288, 2 a1. 42,
"0. 00 ’ -4,
ENTRY WT 2674884 1486, -0 291. 2112, 13957, 14468,
-4, 3 I -23,
RETRO PROP 5531, 1741, =0, 283, 9. 182, 189,
-0 0. "16.
PRE RETRO WT 273015, 1491, -0, 291. 2121, 14215, - 14733,
-4, =1 =41,
ON ORB LOSS 787t. 1621, =0 294, 11. 343, 5;;.
. -0 0. - .
LANDED CARGO -A0000. 1420, O 400, =35, -410, '4]8.
0. 0. .
ASCENT CARGO 79653. 1420, 0. 400, 70. g17. 817.
0. 0. 0.
ol ORBIT WT 320543 1486, -0 304. 2257, 15124, 15557,
-4, 0. -128.
tANEUV PROP 1991. 1741, -0 283, go 68. 6%.
DUMPED PROP 11583, 820, 0. 228, 5e 100. 105,
“0, 0. 0.
INJECTION VT E54ll7. 1464, -0, 301, 2280. 16405, 16831,
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DESCRIPTION

ASCENT PROP

757 BURN

ASCENT PROP

507 BURN

ASCENT PROP

257 BURN

ASCEMT PROP

IGNITION

STARTUP

LAUNCH VT

Space Shuttle Program — Phase B Final Report
DETAIL MASS PROPERTIES REPORT

DESIGN MASS PROPERTIES CONFIGURATION A

65K EASTERLY MISSION
SEQUENCED MASS PROPERTIES SUMMARY

CURRENT
WEIGHT
(LB)

130550,
465067,
130547,
596014,
1309495,
726963,
130948,
8575911,

1472,

[859383.]

CENTER OF GRAVITY

X

997.

1332,

868

1235,

763.

1150,

592,

1065,

826

1064.

Y
(INCH)

D-20

z

228,

281,

228,

269.

228,

262,

228,

257.

228,

257,

02/25/71

PART |
SUMMARY

MOMENT OF INERTIA

ROLL

PITCH

YAW

PRODUCT OF INERTIA
ROL-PIT PIT-YAW YAW-ROL

(SLUG-FEET SQ./1000.)

-4,

102.
0.

2491 .
"5.

88.
0.

2640,
'60

64.
'00

2743,
'6.

83,
0.

2853,
‘70

le
0.

2854.
“7.

-0

1931,
0.

22881.

“1a

1400,
“0e

28702,
-l.

1028,
"00

34930.

-l

BE8G.
0.

43287,

=1s"

13,
0.

43318,

-1

"140

2033,
0.

23299.
683,

1488.
0.

25146,
1200,

1052,
0.

353599,
1650,

56S.
0.

43811,
2101.

14.
0.

43843,
2103,

[ —
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DESIGN MASS PROPERTIES CONFIGURATION B
" 25K, 55° MISSION, W/ABES
SEQUENCED MASS PROPERTIES sUMMARY 02725771
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y A ROLL PITCH YAW
(LB (INCH) PRODUCT OF INERTIA

ROL-PIT PIT-YAW YAW=ROL
(SLUG-FEET SQ./1000.)

WING 28311. 1758, 0. 157.  561. 437, 597.
00 00 -9,

TAILS 5790, 2052 0. 548, a1. 53, 10.
0 0. 0.

BODY §2421. 1300, 0. 9284,  294.  2887. 2845,
0. -0, 53,

THERMAL PROT 32456, 1406. 0. 182.  3595.  2408.  2704.
-0. Oo '40.

LANDING/DOCK §963. 1480. <-4, Tl 89. 332, 395,
'4. ‘20 1e

PROP -ASCENT 25275, 1885, 0. 322, Al. 432, 406.
0. 0. 14,

PROP=CRUISE 15046, 1580, 0. 11l. 207 37, 036,
, 0. 0. 4,

PROP =AUXIL 11805, 1264. 0. 342, 4l. 957, 973.
0. 0. 19,

PRIME POWER 1466.  S24. 0. 260. 0. 173, 173,
0. 0. 4,

ELEC DIST 1364, 830, 0. 345, S, 98. 104.
0‘ 0‘ 4.

HYDRA DIST 1762, 1820, 0. 290, 15, 15, 15,
0. 0. 0.

SURF CONTROL 2981, 1800, 0. 300. o8. 130. 136.
0. 0. o.

AVIONICS 4365. 1034, 0. 394, 6. 65. €5,
oo 0. "3.

ENVIR CONTRL 7088. 1128. 0. 359, 15, 227. 208,
0 00 -9

PERSNL PROV 210, 940, 0. 450, 0. 0. 0.
0. 0. 0.

ABORT 0. 0. 0. 0. 0. 0. 0.
0. 0. 0.

BALLAST 0. 0. 0. 0. 0. 0. 0.
0. 0. 0.

GROWTH/UNCER 17641. 1482. 0. 254, 171, 986. 1034,
0. 0. 0.

DRY WEIGHT 007204, 1489.  =0. 255, 2278, 12758, 13430,
"4- "lo 470

PERSONNEL 400,  940. 0. 450, g. 0. 0.
LANDED CARGO 25000, 1420, 0. A00. 22, 256, 256.
0. 0. 0.

RESID FLUIDS 4010. 1396, 0. 284. 6. 054, 054,

D-21
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DESIGN MASS PROPERTIES CONFIGURATION B
25K, 55° MISSION, W/ABES

SEQUENCED MASS PROPERTIES SUNMMARY 02725771
DESCRIPTION CUPRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL PITCH YAW
(LBJ (INCH) PRODUCT OF INERTIA

ROL-PIT PIT-YAW YAW=RCL

(SLUG-FEET SQ./1000.)

~0e -0, 0.
INERT WEIGHT 256614, 1480, =0 270, 2412, 13428, 13956
-4 -1l -11.
RESERVE FLDS 8405, 1642, 0. 311, 17. 240, 249,
V 0. "'0. -27.
LANDING WT 265019, 1485, -0, 271 . 2432, 1371 7. 14231,
-4, -l -26.
CRUISE PROP 1266+ 1550, 0. 1209, -308. -328. -15.
0. 0. -1410
FLIGHT WT 266285, 1488, =0. 276 2363, 13697, 14346,
-3, "’lo -3S5.
ENTRY ACS 1000, 1684, -0, 1554, =449, -379. 12.
=0 0. =36,
ENTRY VT 267285, 1488, =0. 281, 2265, 136877, 14366,
=4, -1 -2l
RE}RO PROP 9435, 174l. =0, 283, 16. 31le 322.
-0 0. “27.
PRE RETRO VT 2767204 1457, -0, 281, 2280, 4114, 14214,
-4, -le - ~45,
-0 Q. -31.
LANDED CARGO -25000, 1420, 0. 400, -22. -25€, =256,
0. O 0.
0. O, 0.
ON ORBIT WT 293161, 1459, -0, 284, 2323, 14645, 15328,
=4, o B -350.
MANEUV PROP 13537, 1741, -0, 283. 23, A4T, 462,
=0 0. -39.
DUNMPED PROP 11281, g2d,. -0, e2¢. 5. 98. 103,
0. “0e =0

INJECTION VT 318075, 1485, -0. 282, 2358, 18486. 17182,
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DESCRIPTION

ASCENT PROP

75% BURN

ASCENT PROP

507 BURN

ASCENT PROP

257 BURN

ASCENT PROP

IGNITION

STARTUP

LAUNCH WT
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DETAIL MASS PROPERTIES REPORT

DESIGN MASS PROPERTIES CONFIGURATION B
25K, 55° MISSION, W/ABES

SEQUENCED MASS PROPERTIES SUMMARY

CURRENT
WEIGHT
(.8

130999,

445073.

130999,

580077.

131000,

711077,

130598,

B42075.

1472,

843547,

CENTER OF GRAVITY

X

997,

1342,

g888.

1240,

763.

1i52.

592.

1065,

826,

1064,

Y
(INCH)

D-23

z

228.

266,

228.

258,

228,

252,

228.

248,

228,

248.

02/25/71

PART |
SUMMARY

MOMENT OF INERTIA

ROLL

PITCH

YAW

PRODUCT OF INERTIA

ROL-PIT PIT-YAW

YAW=-ROL

(SLUG-DEET SQ./1000.)

-4,

102.
0.

2518,
'50

88
=0,

2638,
"'Go

64.
Oe

2722.
"60

83,
0.

28195,
"70

le
0.

2820,
'7.

~le.

1932,
0.

23248,

o

1400.
0.

295204,

-1,

1028.
0.

35500,

-1,

B8BG.
0.

43878,

-1

13,
0.

43910,
"lc

’38'

2034.
0.

23387,
452.

1488,
0.

25599.
873

1052,

0.

36338,
1200,

969.
0.

44785,
1523,

14,
0.

44817,
1525,
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\
DESIGN MASS PROPERTIES CONFIGURATION C
MASS PRBPEITIES SUMHARY Je/1i771
JESCRIPTIEN CJSRENTY CENTER 8F GRAVITY MAMENT 8F INERTIA
o WETGHT X Y Z Rl FITCH Yan
(Le) { INCH) ~ PRSBDUCT 8F INERTIA
RIALPIT PlTeYAW YAw=mIL
. (5LUG=FEET SWe/10004)

CING o462 1755 Do 197+ 606+ 472 10780

. . a Q! L Q. w]Coe

TAILS 5790 2052 D S48 47 g3, 100

— o Co Qe Ce

dRDY 64730 1303 Co 284 3Cke 3021 29/9¢

) L L wQoe 500

THERMAL PRAT 3-961e 1385 T 181 305 2290 P532

L o Oe Qe 13

: LANDIN%G JUBCK R963e 1487 -4 Tie 85T T T 332 355
! ' -4 =2 1
} PRAPLASCENT 25275, 1885, 0. 322, 41, 432, 4.6,
ok} Qe 14

PRAP=CRUISE 1524Ae 1520 Se 111 2570 37 236

. _ o o _ Oo o O 4o

PrAPeayxIL 9987s (283 e 338 37 Ba6e 2460

I Ce =0 140

PRIME PEBwER 171% 821 Qe 2b8e oy 190 120G

7 e Qe Qs Se

FLEC DIST 1672 721 De 333 Se 112 118

L L o)} . Qe ) [-X}

~YDRA 18T 17872« 1820 Qs 290 15+ 1S {5

Ce o} ] Ce
SUIF CINTRAL Q496  180Ce  Ce  3GOr 33 153, 1600
H o o o Cl Ol Ue
: AvIBNIZS w467 1032 0 334 ') 66+ &b
[oX) Qe «3e
ENVIR CBNTRL 7599. 1119, Qe 3565 17 233 iz
: - o S D¢ Qs wlle
) PERSNL PRBV 210, q4C, Qs 450 Co Cs O
. Co O Qs
. ARBRT Do fe O 0 Qs Qe of)
: Qe Qe Coe
JALLAST De Do D Co [sT Oe Ts
s Do Oe Qe
B GRAWTH/UNCER 17502 152%¢ O 254 1700 978 102%
: Qs D Os
i DRy ~E1GHT 229921 1490 “Qe 255 22820 12934 135960
: LY »le "33
PERSANNEL 400 40 Ce 450 o] h D Or

I A L o G Qe Qe
: CARGH Oe Ce Qe O Os (o1} Qe
Qe Qe Ce
; TEESID pLUTRS 3950 14140 Ce 278 6 T 253, CBur

D-24
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DESIGN MASS PROPERITES CONFIGURATION C
AGS PREPERTIES SUMMARY 02/11771
DESCRIPTION CURRENT  CENTER BF GRAVITY " MBMENT 9F INERTIA
. WE1GHT X Y L ROLL PITCM YAW

(L.8) {INCH) “PRBDUCT BF INERTIA
_ _ RBLePIT PIT=YAW YAwaROL
T (SLUGAFEET SWe/10000)

LYoX] w0 3
INERT LEIGHT 234271 148BBe  =Qes 2560 2292 13223 13881
o4 =1 Kb
RESERVE FLDS 9984y 1649 ge 307 20+ 3060 316
i Qe LYol) =37
LANDING WY 2442550 |1495-‘ Qs 258 2318 13588 142510
—— oY) 3y 71
CRUISE pRBP 1266+ 19904 0 1209¢ =308 «328 «15
S I o)} Qe =14l
FLIGHT WT 24655210 14970 »Qs 2630 2255¢  13572e¢ 14303
wie el 57
ENTRy ACS 925, 1683 T Qe 16560 =477 =440¢ Be
——— = I Qe Qs =35
ENTRy WY 2ubbsbe [14974] eor (2684 2164¢ 13555«  14319¢
= = i <1 7%
RETRE pREP 9291 1741s  =0¢ B3¢ 161 306+ 317
e o *0Oe Qe wp7
PRE RETRB WT 255737 =g | 269} 2180¢ 139769 14750
e — ke -1l Bhe
gN 8RB L8S§5 7921+ 1623 Qs 294¢  12s 348 353
- o i Qe (o]} ., wgBoe
8N BRBIT WT 263658. [ 15100 ege [269¢] 2193+ 14348 15126
—_— LYY w] 31e
MANEUV PREP 13329'. “174le 0% 283v 22s 4400 455 '
I o Qe Qe =38
DUMPED PREP 4964 8169 Qs 228 i 410 420
o] Ce Qe
INJECTIBN T 281951+ [1509. =0¢ [ 269¢] 2219+  15500¢ 16293
ASCENT PREP 137332s 989«  =0¢ 2281 igBe 2023- ?133-
«Qq » []

D-25
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DESIGN MASS PROPERTIES CONFIGURATION C
MASS PRBPERTIES SUMMARY 22711771
DESCIIPTIEN CURRENT  CENTER BF GRAVITY MBMENT 8F INERTIA
WE TGHT X \ z ReLL PITCH  Yaw
L8y ( InCR) PadUCT 97 INERTIA

RAL-PIT PITaVAW YAwaR8L
{SLUG=FEET SWe/71CCCs)

7%% AURN, 419283, 1339, eCe 2560 2318 22955¢ 23519
a : — YT By -1 461

ASCENT pREBo 171000s B8R, Oe 228 88+ 14000 1438
Qs O Ge

an%y RUIN 555283 12314, “0e 245 24b30 28750 _ 236450
Tt — T T g -1 731

ASCENT FPHEP 131000 763, Co 2C8e By 1028+« 1092
o] ] Qs G

255 wJRA 6R%1283s  1141s =0v  245s  2537s  34800e  357&9s
“be “le 95K e

ASCENT Prep 131C00s 532 Os 228+ 83 886 869
L (o] ] Qe Qe

STARTUP 1417 835, = 228 1e 14 1D
oCo .og Coe

LAUNGH T 8137ca» 1052 =Ce chee] 2627y 42869 439340
' 7 -1 1181
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DESIGN MASS PROPERITES CONFIGURATION D
MASS PRAPERTIES SUMMARY 163108 FFB 1
CESCRIPTYISN CURRENT _ CENTER BF GRAVITY MBMENT 8F INERTIA
WE 1 GHT X Y Z RBLL PITCH YAW
(L3) (INCH) oo PRBDUCT BF [NERTIA
ROL=PIT PlT=YAW VYAW=R§{
_(SLUG=FEET Sd+/1000.)
WIN G 32462 17554 Ne 197, 606, 472 1378
o Je Qe =10
TAILS 8730 2052 Qe S4B 47 53¢ 1
Oe Qe o}
Ry £4790e 1303 Or 284 304 3021 2979
i Qe w0 5Coe
TRE<MAL PRET 37941« 1385, Ce 181, 305, 2290+ 2532
o __ Qu 13
LANDING/ZRACK %963s  1480¢ als 710 89, 332 395
. - LY w2 ie
PRAP«ASCENT 2h275 1885, Qs 322 41 432¢ Y406
e O Qe 140
PREPaCRJISE 4C0 e 1489 Qe 251 -y 1o ce
i o B De O 0
PReP=aUXIL 93R7« 1283 Qe 338 37. 8260 B4bo
o o O __wQs 14
PRIME PBWER 1719, B21e Oe 258 Qe 190 19Q.
o Qe Q9 Se
ELEC D1IST 1872 721 Qe 333, 9 112 118
S i O Qo b
HYCRA DJST 1782« 1R20s O» 290+ 15, 15+ 15
O o)) Oe
SURF CANTRSL 3496s  18CCe Qe 300 33, 153 1600
. Qe Qo De
AVIANICS 44672  1032e Qe 394, 6 660 66
o Oe Qe =3
ENVIR CANTRL 7699: 1119 Oe 365, 17 233 212
o D Qe =il
PERINL PRIV 210 340 Qo 450 O Qe Qe
_ Qe Qs Qe
A4BRT O D o] Oe Os O (o))
S — Qe . ___ 0e Qv
BALLAST Do Co o] O« oI Qe Co
o e Qe Qe __ _. Qe
GREWT~/UNCER 17522+ 1529 o]} 254 170, 978, 1025,
Qe Qe Oe
DRy WEIGWRT 215075s  1484¢ e Q» 265, 2005 127962 13334
LY wle 134
PERSBNNEL 4000 340 O 450, o) De Qo
. Oe Qs Qo
CAFSH 65020 14780 o] 4000 87« 667 667
S * ¥ T 1 . Qe
RESID FLUIDS 3750 1412¢ O 274 Se 253 254

D-27
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DESIGN MASS PROPERTIES CONFIGURATION D
“AGT HEADELTILG aUttA-LY 14508 Fru 1
TLSCRIPTION CURTIENT CENTER 8F GRAVITY »gMENT OF INERTIA )
NETGRT X % Z RALL PITCH YAw
(=) LINCH) PRANUCT 9F INERTIA
RRL=PIT PlITaYAnw YAWREL
(SLUGFEET S3e/10004)

) T LI (s -_3'
1MERT B 15nT PR4275, 1481, 04 297, PTAS, 13964, 14285,
-y Qe 122
RESELRYE FLDOS 7650 171FRe D 286 124 2750 283
' e =0 ~23
LANDTNG a7 29946/5s  14R7s =01 294 2277 143060 14654
4, LYor} 96
CiU1sL D_—(.,‘,) L D Co De Do o __7“',‘10 o) e
‘ - LYor] 96«
FLIOSHT T 291475 14R9y e 300, 2192, 142718 14705
.y wle 8Je

ENTRY ACS 925 1683 Oa 283 2e 38 39,
Je O .3
ENTRY T 292620%  149Ce  «9¢  3CCe 2193, 14317 14752
“ly w(s Tbe
RETRE PRgeP 2p% s 1741l w0 283 15, 306 317
o), OD '?"
PRE RETRE 7 321891 1498  «0e¢  299. 2203. 1{4746e 15192
. e e =0 4l
B, ORI L85G 7821 1623e Qs 294, 12 348 353
’ o =D O 2%
8, ARSIT T 309812« 1801 e 299, 2221. 15121« 15571,
. =4y o =Qe 12
MANE LY PRAP zP64Be 17410 " 283, 23 Tu7e 774
o o Qo Qe =65
AUMPED PRAP 494y R160 ¢ 228 le __ __4le 42
Oo Do wCe

[NJFCTION T 3374249 1507 =0 297 2067, 16697« 17163«
LYY LIsL) =18
ASCENT PRAP 137332 989+ «0 228 105, 2028 2133
=Co O O

D-28
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION D
“MASS MRAPERTIES SUMMARY 16i05 FE3 1
CESCRIPTIAN CURRENT CENTER BF GRAVITY MAMENT BF INERTIA
WE 16T X Y 3 RSLL PITCH YAW
(LB) ( INCH) PRADUCT BF INERTIA
ROL=PIT PlTaYanw YAwaRBL

(SLUG=FEET S3¢/1000)
Ta% HRN 4747568 1357 Qs 277, 2473 24479 24355
=5 wls 736
ASCENT PPRAP 131030 RAB. loX) 228, RR 1400 1483
Qe Qe Qe
S50% 2R AO5756s 1256 w0e 266 2614e 30811 31322,
=he wloe 1246
ASCENT PRAP 1319900 7636 0 228 64e  1028s 1092
. e o Qe Qe
25% BUJRYN 734756% 1168Be  =0s 2600 2712+ 37517+ 38058+
“ga wle 1687
ASCF»T PROP 1319200 532 Qe 228 83s 886 969+
R De Qe Qe
START.P 1417 2354 0o 228, 1 140 15
, Y Te F R 1* L O
LAUNC= #T B69173s fpoB81q  «0e  255s  2B20e  46416e 47015
e =7 el 2126+«
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MDC E0377 PART I
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION E
MASS PROPERTIES SUMNMARY 03/02/71
DESCRIPTION CHIRRENT CENTER OF GRAVITY MOMENT OF IMERTIA
WEIGHT X Y z RCLL PITCH vAW
(LR) (INCH) PRONICT OF INERTIA
ROL-PIT PIT-vAW vAW-ROL

(SLUG-FEET Sr,/1000,)
WIMG 30462, 1755, 0. 197, 6§05, 472, 107¢,
0. o. -10.
TAILS 5790. 2052, 0. 549, 47, 53, 10,
0. 0. O-
20Ny 6470, 1303, 0. 2g4, 304, 3021, 2979,
0. -0. 50.
THERMAL PRCT 30061, 13¢5, O 121, 305, 2290, 2532,
0. 0. 13,
-4, -2. l.
0. 0. 14,
PROP-CRUISE 400. l4go, 0. 251, 2. 1 2
0. C. -0,
PROP-AUXIL 9987, 1283, 0. 33¢, 37, g26, 245,
Ce -0. 14,
PRIME POWER 1719, B21. 0. 25¢, 0. 150, 190,
0. o, 5.
ELEC DIST 1672, 121, 0. 333, S. 1z, 1=,
0. 0. S.
HYDRA DIST 17292, 1820, 0. 290, 15, 15, 15,
Cc. 0. 0.
SURF CONTROL 3496, 1200, 0. 300. X3, 153, 160,
0. 0. 0.
AVIONICS 4467, 1032, 0. 394, S. 66, €6,
O. 0. "3.
ENVIR CONTRL 7509, 1l19, 0. 365, 17. 233, 212,
0. O. -lll
PERSNL PROV 210, 940, 0. 450, 0. 0. 0.
0. 0. 0.
ABORT 0. 0. 0. 0. 0. 0. 0.
0. 0. 0.
BALLAST 0. 0. 0. 0. 0. 0. 0.
0. 0. 0.
GROWTH/UNCER 17502, 1445, 0. 254, 170, 972, 1025,
0. 0. Ou
DRY WEIGHT 215075, 1477, -0. 265, 2005. 12792, 13330,
-4, -1l 13¢,
PERSONNEL 400, 940, 0. 450, 0. 0. 0.
0. 0. 0.
CARGO 65000, 1358, -6. 400, 57, 6§67, 6617,
0. 0. 0.
RESID FLUIDS 3750, 1412, 0. 274, 5. 253, 254,
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION E
MASS PROPERTIES SUNMARY 03/02/71
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y z ROLL PITCH vAN
(LB) CINCH) PRODUCT OF INERTIA
ROL-PIT PIT-yAW yAW=-ROL

(SLUG-FEET S0./1000,)
‘O. 'O. 3.
INERT WEIGHT 284225, 144g, -1, 297. 2265, 14097, 14429,
3. -9. -3?'
RESERVE FLDS 314, 1740, 0. 2184, 0. 13, 13,
O. 0. 0.
LANDING WT 284539, |[l44s, -1 297, 2266, 14105, 14446,
E H 5. -9, _39.
CRUISE PROP 0. 0. 0. 0. 0. 0. 0.
30 '90 '57-
FLIGHT WT 284539, 1451, -1, 300, 2180, 14082, 14509,
40 -9 "450
FNTRY ACS 2775, 1684, 0., 2ge, 5, 114, . 116,
0. -0, -10,
ENTRY WT 287314, [1453,] [ -1.] 300. 2185, 14228, 1465g.
40 '9. '570
RETRO PROP 9291, 174l, -0, 283, 16, 306, 317,
'0. 0. '270
PRE RETRO WT 296605, [1462 -1 300, 2201, 14696, 15136,
E H 5. _9. _93.
ON ORB LOSS 11836, 1656, -0. 251, 12, 403, 503,
-0, 0. -40,
ON ORBIT WT 308441, J1a70 <1.] 29%. 221%. 15282, 15731,
:=J 5. -9, -]3p_
MANEUV PROP 24019, 1740, 0. 2e3, a0, 194, a22,
00 oo '69-
DUMPED PROP 17628, 223, -0, 228, 9, 157, 166,
-0. 00 -00
INJECTION WT 350088, [1456. “T.] 29%. 2287. 18207, 19673,
g 4, ~9. "590
ASCENT PROP 124668, 1005, 0. 228, 9¢. 1232, 1930,
0. - 0. 0.
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DESCRIPTION

75% BURN

ASCENT PROP

507 BURN

ASCENT PROP

257 BURN

ASCENT PROP

STARTUP

LAUNCH WT

Space Shuttle Program — Phase B Final Report PART |
DETAIL MASS PROPERTIES REPORT SUMMARY

DESIGN MASS PROPERTIES CONFIGURATION E

MASg PROPERTIES SUMMARY 03/02/71
CURRENT  CENTER CF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL °ITCH YAW
(L) (INCH) PRODUCT OF INERTIA

ROL-PIT PIT-yYAW YAW-ROL
(SLUG-FEET $S@,/13004)

474756, 133¢%. -1, 277. 2473, 24152, 24629,
-7. -1l 536,

131000, ERE,. 0. 228, £ 1400, | 4o,
0. 0. 0.

605756, 1240, -l 266, 2614, 30027, 30597,
-16, =12, 1026,

131000 763, 0. 22%, 64, 102¢., 1092,
0. 0. 0.

736756, 1155, -l 260. 2713. 3644r, 36ca0,
=23, -13. 1453,

131000, 592. 0. 22%, R3 go s, 969,
O, 0. 0.

1417, B35, -0 22¢., 1 14, 15,
-0, -0, 0.

869173, 1070, -0. 255, 2220, 45001, 45601,
=31. -13. lee2.,
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RESrRISTIAN

7% BLIRPN

ASCENT PRsP

BEA% RLRN

ASCENT PR3P

2% BN

AGCENT FR3P

STARPTUP

LAUNCH wT

Space Shuttle Program — Phase B Final Report

FURRENT

VETGHT
(L3}

474756

131992

K335734

131272

736756

131302

1417

269173

PART |
DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION F
MAGS PRAPERTIES SUMMARY 15349 FEB 1
“ZNTFR 9F GRAVITY MHMENT AF INERTIA
X Y 2. ROLL PITCH YAAN
(INCH) PRAJJCT AF INERTIA

ROL=PJT PIT=YAW YAk=ROL
(SLJG=FEET S0e/10700)
1335 1e 277+  P473s  24152¢  P4629.
-3 10+ 536

qR%e 0. 228 RS, 1400, 148Re
Ne De Qe
1240 1+ 266e  2h1Fe 30087 30598,
B be 11 1026

763 De  22Re bie 1028+ 1092 _
De De Ne
11350 ¢ 260« 2713  3444B. 35989,
i1 11, 1453
5327e¢ Do 228 B3 RRE 949
De Ds Ne
233 =D A22Re qe 14, 15
e o0 De
1775 D.] 255, 2R20e 45701« 45601
17 11, 1882,

D-35
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION G
4433 PRAPIRTITS SUMHARY 13180 TER 1
TBESFETISTIAN | FUBRENT  CENTER SF GRAVITY MBMINT OF [AEDTTA
: SETGHT X Y 7 R2LL PITCH YA
(L) (TNCH) erRaDULT AF TNERTIA
RBL=PIT PIT=YAN VYA,paRA|
(SLJ0=FEET S.e/100C)

BN 30442 1755 o 137 [T 472 107 %
e Do -1MNe
TAILS 5730e¢ 2052 De S4Re 47 53 1N
. Do De D
RADY £4790e¢ 1303« D¢  284s 304 33214 29377
Do =0 S50
THEOMAL 23T 37341+ 1385, e 181 INSe 2290 2537
Ne O 13
LANPING/D3C« 943 {148 who 710 £ 332 33%.
-4 wZe 1e
PRROPLAGCENT  23275. 18RE%e Qe 3272 Bl 432 LY
Ne o 14
PIPP-"RI:I3E 490« 1485, Do 251 De 1. Do
Ne O =e
PRAP=AUXTL 2987, 1283, Do 338 37. 26, Ruhe
Te LIl 140
PRIME PPRAZR 1719, R271. ol } 258 Ne 190  193n.
Te D« S
ELEC NIST 1672 721 ok} 323 9 112 11R
Ne D Eo
HYDRA DIST 17%2+ 182C. Do 290 15 15 15
Ne Do Do
S JRF CENTRYL _249%.  183C. De 300 R3e 163, 167
De O Oa
AVIANICS 4467+ 1032 Do 3% be 66 &k
De Qe “TJa
ENVIR CENTRL 73599 1119, Do 365 17 233s P17
De Qe =14

PERSNL PRDV o 2190- 4T ok 450 _ Qe Qe Ne
e Qe Qe
ARERT Oe Ze Do De o) De Qe
e Qe Qe
RALLAST De e D O .. De . Ds o)
O Qe De
GRAVIH/UNCER 173502e 1445, o)) 254 170s ___ 378e. 1025
Do O Ne
DY WEIGAT 215975. 1477¢  =Ds  265s 2005«  12792. 13337
o 3 ke -1 1358
PEPSANMEL  400e  94De__ De  450e_ ol SO« N L
De Q. Do
CARGH . 45900« 1358 De 406 57 567 667
De 0o De
RESIN FLUJUINS 3750 1412 Do 2740 Se 253, 254

o MG

TR b T ) ol |

D-36



Space Shuttie Program — Phase B Final Report PART |

MDC E0377
30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION G
4453 FRAPERTIFS SUMMARY 15160 FFB 1
PESFPISTTIAN  AURRENT  STZNTER OF GRAVITY  MRMENT AF [15sTIA
WZIGHT Y RALL PITCH YAAN
(LR) { INCH) PRIAILUCT 9F IAETIA

RAL«PIT BPIT=YAN VYAnek?®

(SLJG=FEET SNe /10000

we D I

TNEPT wT]5HT 284223, =3 2P%3s  14105.  1442%.
-ie 0 vy

PTGERYI T N3 314 9. 7 13, 12
OO Ou Ol

LANDING AT 2243739, =De 2283 14123, 1440464
wle =0 =4he

CU18% F22P 7 Do VD- 7Vv‘“m--;m73;7” . O De
~ha = =lhho

FLIGHT WT 284532, -7 2197+  14299.  145)9.
LX) «0e =33
EuTeY ACS 2775 D 8. 114e  11As
Do =0 1o

£uTey T 257314, -0 2201« 14245, 14657
=L =0 =65

RETPA PRep BREFEYIR -3 " 14e  306e 317
=0 O -27

PRE RTT+a T 22446735, =D 2718 14713, 15135
=4 =0 =107
R AQ" [9§E~~ 11835 =D -—;ﬂi “9§:mwu m553;v
=De Qo =40

Ay RORIT W7 I)R441 . =Je 2236 15299, 15730
i «0e =147
MANEUY FR3D 24419, e 49 794, 822e
Ne Ooe =59

N FRIP 174628, =D G 157. 166
- Q. =De
IVURCTIRN T 2377389, =0 4_23_:15,&- B225, _ 18673
— wie D k7o

ASCFENT FR23P 124443, Do 9Re 1232, 1930
Do De e

D-37
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DESIGN MASS PROPERTIES CONFIGURATION G

MARS SRabi3TICS § M AAxY 15150 78R 1
DESCEISTT N AURRTNT  CINTER SF ARAVITY MOMINT F IrIRTIA
LT1SAT X v 7 RELL PITCH YA
(Ln) (INCH) FRa3JCT 3F [4E2TIA

RSL-21T PIT=Yan VYAu=p9
(SLJ5H=FETT S7s/1000s)

7% RE2M 47477 4. 1335 - 27 2494, P4173. 24627

-3 “le 530

i ASCTNT B30 121790. RRR, Qe  22R%e  ®fe  15400.  149%

! T Oe Ce

: LA TS LASTEL . {24 «De D67 24637 37109 3753Re

‘ =iy =1 1035
i

AICTNT [3-3 {41077 747 e 224 a4 1728, 1097

T e o T

25% RPN 7347746 1133 -De 260 2734 36472 36982

-Ae =] 1470

ASCTNT PP 123177 % 320 Do PPR. R3e BR6s G849

Ne Ds Do

STAST P 1417. R3%. =De  D2R 1e 14 15

=-e Lo Na

% LaUNG- -7 AL T3 INDT T =D 255 2R45. 45726 45631

o = Te =i 1827

D-38

TN 1| )



N

MDC E0377

Space Shuttle Program — Phase B Final Report

30 June 1971 DETAIL MASS PROPERTIES REPORT

Table D-9

Correlated Mass Property Mission History Runs
(Canard Booster Plus Delta Orbiter)

Configuration
Configuration
Configuration
Configuration
Configuration
Configuration

Configuration

Note: See Table D-7 for configuration descriptions,

Nominal Easterly Mission
Nominal Resupply Mission
No Cargo

Most Aft

Most Left, Most Fwd

Most Right

Most Up

PART I
SUMMARY
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MDC EO0377
30 June 1971

DESIGN MASS PROPERTIES CONFIGURATION A

SEQUENCED MASS PROPERTIES SUMMARY
NOMINAL 65K EASTERLY MISSION
(CANARD BOOSTER & DELTA ORBITER)

)

1

DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL PITC.1 YA
(L) CINCHD PRODUCT OF INERTIA
POL-PIT PIT-YAJ YAJI-ROL

(SLUG-FCET 50./1030.)
ORBITER SEP 853383, 2086, -0. 703, 2853, 43276, 43813,
—7- -l. ?log

J00STER 30 715160, 3001, 0. 428, 3028, 1186161, 1225 )u

-22. 1. 710
SURN OUT T 1,74!13.‘ 2501, 0. 581, 1J35%2. 238501, 236884,
= -11. -5, =12041.
75% s URN 23405404, ] 2372. 0. 521 220)5. 308671. 303427,
e -3. -4, -4089.
50% BURMN | 3106344, 2265, 0. by2, 20524, 363176, 362093,
_ -’:A "'3. 21“7“-
25% GURN 3872544, | 2156 J 473 25645, Wagotve. 417878,
P = _1‘4. _3. 8553.
LAUNC.I T | 1638543, | 2365, 0. 4561, 2638). 11563, HE2631.
P -1. -3. 14583,

D-40
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION B
SEQUENCED MASS PROPERTIES SUMMARY
NOMINAL 25K, 55° MISSION WITH ABES
(CANARD BOOSTER & DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y Z ROLL PITCH Y Add
(LB) CINCI) PRODUCT OF INERTIA
ROL-PIT PIT-YAW YAJU-ROL
(SLUG-FEET 5$0./1000.)
ORBITER SEP 8u3547, 2086. -0. 639, 2800. 43892, 4h791.
-7, -1, 1510,
300STER BO 717200, 2998, 0. 428, 9629, 118582, 123014,
-21. 1. 7427,
SURN OQUT WT 1560747, 2505, 0. 574, 18582, 238192, 237370.
-11. -5. =11752.
75% JURN 2326748, 2374, 0. 517. 21955, 308373. 304179.
- -4, -4026.
50% BURN 3092748, 2266. 0. 488, 23657. 368884, 362987.
-6. -3. 2308.
25% BURN 3858748, 2166, 0. 471, 24683, 425761. 418839.
T -3. 8155.
LAUNCIH W4T Leou747, 2068, 0. 453, 25369, U491215. u483606.
-1, -3. 13948,

D-41
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DESIGN MASS PROPERTIES CONFIGURATION C

SEQUENCED MASS PROPERTIES SUMMARY 03/06/71

(CANARD BOOSTER + DELTA ORBITER)

PART |
SUMMARY

DESCRIPTION CURRENT  CENTER OF GRAVITY MOMENT OF INERTIA
JEIGIHT X Y 7 ROLL PITCA YA
(LBD CIHCHD PRODUCT OF INERTIA
ROL-PIT PIT-YAd YAJ-ROL

(SLUG=-FEET $N./1000.D
ORBITER SEP 813700. 2074, -0. 633. 2627. 12860, 4395060.
~T. -1. 1183.
BOOSTER BO 715160, 3001, J. 4286, 3523, 118161, 122534,
-22. 1. Th2.
BURN OUT T 1528860, [2507. 0. [ 569.] 12023, 237345, 237041,
T T =11, -5. -11613.
75% BURN 2234861, [2373 7. [513. ] 21191, 307433, 303946,
= -8, -4, -h123.
50% BURN 3050861, [2264, 0 485, | 22766, 367684, 3€2652.
a -0 -3. 1557.
25% BURH 3826801, [2104, J h6S. | 23711, h2ha2h2. 4182660,
_“. —30 75147‘
LAUNCT 4T 4592560, [ 2005, 0. [ujc. [2&3&3. 48y270., 482064,
- - -1. -3. 13072,

D-42
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION D
SEQUENCED MASS PROPERTIES SUMMARY 03/06/71
(CANARD BOOSTER + DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y y4 ROLL PITCH Y AVl
(LB) CINCH) PRODUCT OF INERTIA
ROL-PIT PIT-YAJ YA.U-ROL
(5LUG-FEET $0./1000.)
OR3ITER SEP 869173. 2103. -0. 706. 2820. 46413, 47012
-7. -1, 2127.
BOOSTER 50 715160. 3001. 0. 428, 3628, 118161. 1225914,
-22. 1. 7“':)20
BURN OUT T 1584333. | 2508. 0. 580, 18984,  239340. 2378306,
. -11. -5. =11589.
75% SURN 2350334, | 2377. 0. 522. 22611. 310144, 305013.
- -h, -3494,
50% BURN 3116334, | 2269, 0. 4g2, 24455, 371233, 364258,
- 7 -6| -3l 31600
25% 3URN 3882334, | 2169. | 0. 474, 25571. 428711. 420620,
-4, -3. 9304,
LAUNCH WT 4648333, | 2071, 0. 461, 26319. 49u828. 485989,
-1, -3. 15390.
U/

D-43
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION E
SEQUENCED MASS PROPERTIES SUMMARY 03/06/71
(CANARD BOOSTER + DELTA ORBITER)
DESCRIPTION CURRENT CENTER OF GRAVITY MOMENT OF INERTIA
WEIGHT X Y z POLL PITCAH YA
(LB8) CINCID) PRODUCT OF IHNERTIA
POL-PIT PIT-YAd YAW-ROL
(SLUG-FEET 5Q./1000.)
ORBITER SEP 86J)173. 2092. -0. 706, 2820, 45305, 45537,
-31. -13. 1883.
BOOSTER 30 715160. 3001. 0. 428, )628. 118161. 122594,
-22. 1. 7402,
BURN OUT WT 1584333. 2502. -0, 580. 18984, 239616, 238105.
= -1. -28., =-12091.
75% SURMN 2350334, 2373. -0. 522. 22611. 3098385. 304747,
— -9, -32, -4113.,
50% BURN 3116334, 2266. | -0. | 492, 24455. 370531, 363549.
T -16. -34, 2475,
25% BURN 3882334, 2167. | -0. ‘ y7h, 25571, 427524, A419496.
b -22. -35. 8582,
LAUNCH WT 4648333, 2069, T_:ET—_ 461, 26329. 493306. 484459,
b -28. -36. 14643,
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
‘\aﬂ
DESIGN MASS PROPERTIES CONFIGURATION F
SEOQUENCED MASS PROPERTIES SUMMARY 03/06/71
(CANARD BOOSTER + DELTA ORBITER)
DESCRIPTION ° CURRENT CENTER OF GRAVITY MOMEMT OF INERTIA
UEIGHT X Y z ROLL PITCH YAl
(LB) CINCIDD PRODUCT OF INERTIA
. ROL-PIT PIT-YAY YAJ=ROL
(SLUG-FEET 50./1000.)
ORBITER SEP 869173, 2092. 0. 706, 2820, 45005, 45597,
17. 11, 1883,
B00STER 30 715160, 3001, 0. 428, 9628, 1181€1. 122594,
=22, 1. 7402,
BURN OUT WT 1584333, 2502, 0. 580, 18984, -239615. 238104,
-22. 17. -12092.
75% BURN 2350334, 2373. 0. | 522. 22611. 309885. 30UTAT.
*====J -8, 24, -4118,
50% BURN 3116334, 2266. 0. 492, 24i4sg, 370530, 363549,
L, 27. 2u74,
25% B3URN 3882334, 2167. 0. uh, 25571. L27595. 419497,
S = 14, 29. 8581.
LAUNCH T 4648333, 206). 0. | 461. 26313. 1493306. UL8A4LGO.
25, 30. 14642,
~
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30 June 1971 DETAIL MASS PROPERTIES REPORT SUMMARY
DESIGN MASS PROPERTIES CONFIGURATION G
SEQUENCED MASS PROPERTIES SUMMARY 03706771
(CANARD BOOSTER + DELTA ORBITER)
DESCRIPTION CURRENT CEMTER OF GRAVITY MOMENT OF INERTIA
HEIGHT X Y Z ROLL PITC.H Y Al
(Ls) CINCH) PRODUCT OF INERTIA

ROL-PIT PIT=-YAJ YAJ-ROL
(SILUG-FEET 50./1200.)
ORBITER SEP 869173, 2092, -0. 706, 283). 45ou2, U5537.
-70 "1. l_)o?.
300STER 30 715160, 3001. 0. hog, 5628, 1131061, 122534,
‘ -22 1. 7402,
BURHN OUT T 1584332, 2502, 0. 581. | 19027. 232075. 238103,
-11. -5, =12107.
75% UGURN 2350333, 2373, 0. 522, | 22665, 302257. 304740,
—— -3. -, -4120.
50% BURN 3116333, 2266. o. | 2.} 2u514. 370628, 363548,
= "'6. "3. 2“82-
25% LURN 3882333, 2167. 0. L27677.  H1ILIT.
-3. 8593.
LAUNCA (T 4548332, 2069, o. | ué2. | 26385. 193391. 48Lu6O,
’ | "7_1] 230 14663,

D-46
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